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ABSTRACT 


The DOE ETV-1 represents the most advanced electric vehicle in 
operation today. Engineering tests have been conducted by the Jet Propulsion 
Laboratory in order to characterize its overall system performance and 
component efficiencies within the system environment. A dynamometer was used 
in order to minimize the ambient effects and large uncertainties presevit in 
track testing. Extensive test requirements have been defined and procedures 
were carefully controlled in order to maintain a high degree of credibility. 
Limited track testing was perform.ed in order to corroborate the dynamometer 
results. Test results include an energy flow analysis through the major 
subsystems and incorporate the aerodynamic and rolling losses under cyclic and 
various steady speed conditions. A complete summary of the major output from 
all relevant dynamometer and track tests is also included as an appendix. 

This document is available to the U.S. public through the National 
Technical Information Service, Springfield, Virginia 22161. 
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EXECUTIVE SUMMARY 


A. PROGRAM OBJECTIVES AND PERSPECTIVE 

The Electric and Hybrid Vehicle (EHV) Research, Development and 
Demonstration Act of 1976, Public Law 94-413, later amended by Public Law 
95-238, established a governmental role in EHV technology development. 
Administered originally by the Energy Research and Development Administration, 
(ERDA), the Program objective was to decrease this nation’s dependence on 
foreign petroleum by developing the technologies required to guarantee the 
successful introduction of EHV's into the marketplace. 

A major element of that Program we? a phased activity designed to 
develop the performance potential and economic viability of advanced electric 
vehicles that could be put into production in the 1980' s. Phase 1, involving 
three contractors, was aimed at the preliminary design of a state-of-the-art, 
energy-efficient Electric Powered Passenger Vehicle (EPPV). 

General Electric, Corporate R&D was one of two contractors which 
initiated Phase II. Phase II proceeded from the Phase I preliminary design to 
the final design, development and delivery of a proof-of-concept electric test 
vehicle. The Jet Propulsion Laboratory (JPL) provided the technical contract 
management for the Department of Energy (DOE), 

The final phase of this activity involving the General Electric DOE 
Electric Test Vehicle (ETV-1), was the Phase III Test and Evaluation performed 
by JPL. The purpose of this report is to describe the system-level operation 
of the DOE ETV-1 during the engineering tests designed to characterize and 
evaluate its performance. 


B. TESTING PHILOSOPHY AND APPROACH 

The concept of "system-level" testing is a prime example of a technology 
and discipline developed and refined during the space program. JPL and other 
aerospace contractors discovered that even with carefully designed subsystems, 
final assembly and check-out always resulted in the discovery of unanticipated 
and often very challenging new problems due to "system interactions." The 
development of sophisticated electric and hybrid vehicles poses many of the 
same generic problems and can, therefore, benefit substantially from an 
integrated approach to system '• ^ign, development and testing. 

Although a vehicle's natural environment is outdoors and on the road, 
it is impossible to conduct engineering tests under those conditions. The 
vagaries of weather, road conditions, and the requirement for on-board 
instrumentation combine to thwart any serious attempt to quantify subsystem 
operations making up the total system performance. Precision dynomometer 
testing provides the only reasonable alternative and a few carefully 
controlled track tests are useful to validate the extensive dyno results. 

The key to accurate dynamometer testing lies in the set-up procedure or 
road-load determination. Coast-down testing is the most direct method to 
obtain the necessary information. Although it is a simple principle, properly 
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conducted tests are very difficult to perform. The wide range of weather and 
seasonal effects require that sufficient precision be adopted in order to 
provide aerodynamic and rolling resistance coefficients so that standard 
condition princip^les can be applied. This procedure has been under 
development at JPL since 1975. 

Testing of battery-powered vehicles added new and difficult dimensions 
to the automotive test procedures already adopted by the auto industry, the 
EPA and others. New instrumentation had to be designed in order to measure 
the high-frequency chopped current signals. However, battery charging 
procedfjres and test termination criteria had to be developed through iterative 
processes. Standardized test procedures were adopted including regulation of 
the initial battery electrolyte temperature since this has a first order 
effect on battery capacity. The actual electrolyte temperature which might 
result under consumer use is a function of many parameters including ambient 
temperature (regional as well as seasonal considerations), previous discharge 
history and battery condition. Nevertheless, by appreciating and addressing 
all of these problems, the system-level test activity at JPL has developed a 
credible test capability for making subsystem and total vehicle evaluations. 
This capability was applied to the DOE ETV-1 for the Phase III Test and 
Evaluation activity. 


C. RESULTS AND CONCLUSIONS 

Although the ETV-1 embodies many of the features necessary for commercial 
application, it is by name and purpose a test vehicle. For that reason, it was 
appropriate that it be evaluated not only as a total end to end system but that 
the major subsystems be evaluated within the system environment as well. 

The measured energy required to drive the ETV-1 at constant speeds and 
over the SAE J227a D and EPA Urban (FTP) driving cycles on the dynamometer and 
in the supporting track tests is presented in Figure 1. Energy required is 
normalized by distance traveled in order to compare the energy consumption of 
the total vehicle under various driving conditions. The non-monotonic 
relationship between energy consumption and speed results because of the 
interrelationships of the various subsystems and their individual efficiency 
characteristics. In order to determine how the energy was distributed and 
consumed among the various subsystems, an energy flow analysis was performed. 
During constant speed operation, a power balance equation was used to help 
isolate the contributions of various components. Data from recently conducted 
tests of an STV-1 breadboard power-train at the NASA/Lewis Research Center 
were required to separate the losses inherent in the motor-transaxle 
combination under various loading conditions. An example of the energy flow 
diagrams which result from such an analysis is shown in Figure 2. Motor, 
controller and transaxle losses can also be expressed in terms of their 
through-put efficiencies. Auxiliary power is used to continuously charge the 
accessory battery which, in turn, powers the cooling fans, control relays, 
status lamps and lighting. 

The controller loss is negligible above the motor base speed 
(approximately 45 km/h or 28 mph) where the armature chopper is bypassed and 
full battery voltage is applied to the motor armature. Likewise, the motor 
efficiency, above base speed, is quite respectable ranging from 86% to 90% at 
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vehicle speeds of 56 km/h (35 mph) to 88 km/h (55 mph) respectively. The 
transaxle efficiency appears to be rather insensitive to speed variations at 
these low torque requirements characteristic of steady speed running. This 
result is typical for a chain reduction drive as used in the ETV-l transaxle. 

The rolling resistance and aerodynamic losses are totally dissipative 
and cannot be expressed in terras of efficencies. The ETV-l exhibits an 
exceptionally low coefficient of drag (Cp = 0.32) and aerodynamics becomes 
the largest loss component only at speeds in excess of 80 km/h (50 mph). All 
of the major component losses, as a percent of the total energy required to 
operate the vehicle at steady speeds, are presented in Figure 3» 

An energy flow analysis performed over repetitive driving cycles (such 
as the SAE J227a D) is more involved and requires additional information. 
Because of the transient nature of a driving cycle, an energy balance, rather 
than a power balance equation was used. Figure 4 shows the energy flow 
distribution over an SAE J227a D driving cycle. The energy consumed has been 
normalized by distance traveled in order to have compatible units with the 
previously developed constant speed energy distribution. Both the controller 
and motor-transaxle combination (data were not available for reverse-torque 
operation) are significantly less e'^ficient during regeneration, however, over 
42% of the kinetic energy stored in the vehicle during cruise makes its way 
back to the battery terminals. 

To this point, any discussion of the range performance, or energy 
economy at the wall plug, of the ETV-l has been purpose! w avoided. The 



Figure 3. Measured Component and Subsystem Energy Requirements as a 
Percent of the Overall 
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Figure 4. ETV-1 Energy Flow Distribution Over the SAE J227a D Driving Cycle 


characteristics of the battery systems which power the vehicle are much more 
inconsistent than any other subsystem or component. A battery's potential for 
producing power and especially energy are sensitive, and unquantified, 
functions of such variables as; 

(1) Charging procedures. 

(2) Age. 

(3) Temperature. 

(4) Previous discharge history. 

(5) Discharge rates. 

Some of these variables can be controlled in a testing environment by strictly 
regulating the procedures. A private or fleet user, however, could not be 
expected to consistently maintain such controls. Therefore, statements 
regarding range performance, under some particular set of circumstances, are 
of questionable value. This situation is similar to EPA fuel economy ratings 
for internal combustion (IC) engine automobiles. Unlike the fuel energy 
content of an IC vehicle however, the energy available from an electric 
vehicle's battery pack introduces major additional uncertainties. 
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The DOE urban range i?,oal for this Program was 120 km (75 mi) and 
General Electric demonstrated, at the conclusion of Phase II, that under some 
conditions this could be achieved (Reference 1). The JPL standard test 
procedures, however, are not designed to either maximize the range or be 
representative of the way a vehicle may be used in a consumer environment. 

For instance, battery capacity and range can be significantly increased by 
initiating testing immediately following a charge while the electrolyte is 
much warmer. Nevertheless, JPL did duplicate the GE procedures (as faithfully 
as possible) in a special test and achieved a similar range result. 

The ETV-1 Electric Test Vehicle represents a significant step forward 
in the development of an acceptable electric passenger vehicle. Developed 
using a total system design approach, the various electrical and mechanical 
subsystems have been properly integrated to produce an aesthetically pleasing 
vehicle having outstanding energy economy. The battery subsystem, however, 
still remains the weak li.nk to continued development and public acceptance. 

Although the ETV-1 (as with any prototype vehicle) is not without flaw, 
exposure to the automotive community has generally resulted in the favorable 
assessment that the EV may have progressed from a curiosity to a future market 
potential , 


6 


J 

t 


SECTION I 
INTRODUCTION 


The Electric and Hybrid Vehicle Research, Development and Demonstration 
Act of 1976 established a governmental role in successfully bringing EHVs into 
the commercial marketplace. The Energy Research and Development Administration 
(ERDA), as the original administrator, defined a phased activity which would 
become a major thrust of the DOE objective to reduce the nation's dependence 
on foreign petroleum by developing the performance potential and economic 
viability of advanced electric vehicles that could be put into production in 
the 1980 's. 

Phase I, involving three contractors during 1976, provided the prelimi- 
nary design of state of the art, energy efficient Electric Powered Passenger 
Vehicles. General Electric, Corporate R&D was one of the two contractors which 
continued on into Phase II in 1977. The purpose of this phase (Reference 1) 
was to develop, fabricate and deliver the Electric Test Vehicle (ETV-l). A 
total systems design approach was adopted incorporating subsystem technology 
improvements in order to achieve a level of performance substantially better 
than demonstrated by previous electric vehicles (Appendix A). The DOB goals 
for the Phase II activity are shown in Table 1-1. 

Contract technical management was provided by the Jet Propulsion 
Laboratory, California Inscitute of Technology. Two vehicles were delivered 
in October 1979. The first was made available to the automotive community on 
several occasions for their evaluation and appraisal of such things as 
driveability, producibility and general overall appeal. This exposure 
favorably impressed the industry that EV's had the potential to progress from 
curiosities to a marketable reality. It has since become a benchmark of the 
state of the art of electric vehicle technology. 

Because the automobile is such a complex system, the automotive 
industry has traditionally regarded only complete-vehicle tests as the 
ultimate proof of concept. Although significant effort is applied to 
component and subsystem development, the nature of system interactions 
requires that they be fully integrated and proven within the system 
environment. Electric vehicles are equally complex systems. They have many 
of the same attributes as a conventional vehicle but eliminate several 
undesirable features while adding new ones unique to EV's. Through its EHV 
system R&D Project, DOE has chartered JPL to develop such a system-level test 
and evaluation capability. 

The objective of this report is to describe the results of the 
system-level testing and evaluation performed by JPL on the ETV-1. Special 
emphasis has been placed on determining the distribution of energy losses 
through the major subsystems and components. 
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Table 1-1. Phase II DOE Goals 
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Parameter 

DOE Goals 

Minimum passenger capacity 

4 adults 

Maximum curb weight, lb 

Open 

Minimum urban range (J227D), miles 

75a 

Maximum initial cost, projected in 1975 dollars 

5,000 

Minimum life, miles 

100,000 

Minimum life, years 

10 

Maximum life-cycle cost, projected in 
1975 $/mi 

0.15 

Cost of energy in $/mi 
urban driving 

0.05 

Maximum recharge time, hr 
(115 V, 30 A service) 

6 

Minimum top passing speed, mph 

60^ 

Minimum top cruising speed, mph 

55a 

Minimum accessories 

Heater/defroster , 
on-board charger 

Safety features 

FMVSS requirements 
at time of contract 

Minimum unserviced park duration, day 

7 

Maximum years until production is ready 

5 

Maximum critical materials required 

Few 

Minimum acceleration (0-30 mph), sec 

9 a 

Minimum merging time (25-5,5 mph), sec 

18^ 

Sustained speed on 5% one-mile grade, mh 

50 

Maximum scheduled maintenance, $/mi 

0.02 

Minimum ambient temperature range, °F 

-20 to +125 

Interior noise 

Minimum 

Turning and braking 

No power assist 
required 

^Goals specifically addressed and evaluated during 
activity. 

the Phase i'll test 
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APPROACH 


The EV system-level test activities at JPL, described as engineering 
development tests, address the niche between detailed component evaluation and 
fleet demonstration. The continually evolving test methodology has four major 
objectives; 

(1) To establish the absolute level of EV performance. 

(2) To determine the relative level of performance under various 
test conditions. 

(3) To define component /sub system performance within the system 
environment. 

(4) To develop and refine test techniques and procedures. 

Clearly, the second objective is easier to attain than . ■> first since 
some accuracy can be subordinated in order to obtain precision^. Relative 
measurements may be entirely adequate, e.g., if the task is to evaluate the 
effects of battery type on a specific EV's performance. 

For the testing reported herein, however, goals one and three are of 
primary interest. Therefore, additional emphasis has been placed on the 
accuracy issues while maintaining a high level of precision. 

Because of the vagaries of atmospheric conditions, accomplishing mean- 
ingful performance testing in a road or track environment is very difficult and 
time consuming. The uncontrollable swings in ambient temperature and winds can 
greatly affect not only the battery subsystem performance but the road-load 
losses (aerodynamics, tire resistance, etc.) as well. For these and other 
reasons, most of the ETV-1 system evaluation and performance testing was done 
on a chassis dynamometer. This not only provided a controllable environment 
but allowed the use of a large, high-speed fixed data recording system. How- 
ever, precisely because this dynamometer testing was carefully controlled, it 
does not reflect the real on-road conditions a consumer would likely experience. 
Reasonably controlled track testing (standard driving cycles, low winds, small 
grades, etc.) represents some intermediate ground which is useful to correlate 
the dynamometer results with actual outdoor moving vehicle tests and, if suc- 
cessful, may be used to validate that the dynamometer roll? a '.ted as a reason- 
able facsimile of the road. Therefore, brief but representative track testing 
was employed in order to provide this dyno-to-road correlation and to charac- 
terize some of the dynamic handling properties of the ETV-1. 

The general approach to this testing is based on the SAE J227a Electric 
Vehicle Test Procedure (Reference 2). However, in order to attain the accuracy 
and precision levels desired, it was necessary to adopt more stringent require- 
ments in several instances . 


^Precision is a measure of test repeatability; accuracy is a measure of 
deviation from the "true value". 
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SECTION III 
TEST PROCEDURES 


A. DYNAMOMETER ROAD LOAD DETERMINATION 

Before a vehicle can be properly tested on a chassis dynamometer, it is 
necessary to characterize the dissipative losses associated with on-road 
travel such as the aerodynamic drag and rolling resistance losses. There are 
several ways in which these can be determined but coast-down testing is pro- 
bably the most common and direct method. Because of its apparent simplicity, 
the procedure is widely used. However, results are often inaccurate. 

Properly conducted coast-down tests are, in reality, very difficult to perform. 

The key to successful coast-down testing is to carefully measure and 
monitor as many variables as possible and to minimize all that cannot be 
measured or controlled. For instance, wind speed and direction were 
continually recorded and no testing was performed unless the speeds were less 
than 3 km/h during the test period. This is the maximum allowable wind speed 
where yaw angle effects on drag can be ignored (previously determined by JPL, 
Reference 3). The tire temperatures were recorded after every second run. In 
order to minimize other uncertainties, the half axles and disc-brakes were 
removed so that the remaining rolling losses resulted only from the tires and 
wheel bearings. This necessitated that the vehicle be towed up to approxi- 
mately 100 km/h (60 mph) and released to coast over a carefully surveyed, 
segment of track. ^ This segment was 0.9 km (3,000 ft) long and had a 
constant grade of 0.177%. Each run was then analyzed independently using the 
grade, wind, tire temperature and air density data associated with the run. 

The objective behind accurate road load determination is to be able to 
cause the dynamometer system to absorb the same aerodynamic and rolling power 
as would be dissipated on the road under the same set of standard conditions 
(i.e,, some specified ambient temperature and pressure, zero wind and zero 
grade). Unfortunately, the standard test condition principle is often ignored 
in other test programs. In that event, even carefully conducted coast-down 
tests would yield quite different results from day to day (and especially from 
season to season) by virture of the variable air densities and tire 
temperatures. Specifying standard conditions, requires that the vehicles 
aerodynamic drag and rolling resistance coefficients be determined from the 
coast-down tests. The data reduction procedure by which these coefficients 
were determined is based on the work of White and Korst (Reference 4) which 
was later extended and refined at JPL by Dayman (Reference 5). With the 
vehicle coefficients determined, an ideal coast-down history under standardized 
test conditions was mathematically developed.^ Two incremental coast periods 


^Coast-down testing was performed on a limited-use concrete runws.y at the 
Edwards Air Force Base near Lancaster, California. Velocity veirsus time data 
was collected by a Nucleus NC-7 Precision Speedometer (5th wheel) and recorded 
with an on-board HP 7100 B Strip Chart Recorder. 

^An uncertainty analysis was applied to this complete procedure including 
all possible sources of human and instrumentation errors. (See Appendix B.) 
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(90 to 73 km/h and 32 to 16 km/h) were identified as points to be matched on 
JPL's Clayton twin-roll dynamometer. This particular dynamometer has been 
retrofitted to provide an external motoring capability. The vehicle, with 
half-shafts and disc brakes still removed, was first warmed up on the dyna- 
mometer by motoring at 80 km/h for 5 min and 57 km/h for 15 min. After 
an estimate for aerodynamic power was set into the dynamometer power absorption 
unit (PAU), the vehicle was motored to speed and the coast-down time from 32 
km/h to 16 km/h was noted. Two variables, tire pressure and normal force, ^ 
were iteratively adjusted until the on-dyno coast-down time matched the pre- 
determined ideal coast-down time. 

After achieving a match at the low velocity condition, coast-downs were 
conducted from 90 km/h to 73 km/h. Water level was adjusted in the PAU until 
a match with the ideal time was reached. Some iteration was required between 
the high and low speed ranges until the best trade-off was reached. The dyna- 
mometer was then motored up to approximately 100 km/h (65 mph) and the vehicle- 
dyno system was allowed to coast-down to below 16 km/h (10 mph). Figure 3-1 
shows a comparison of the coast-down history of the vehicle-dyno system with 
the ideal or standardized history. As a further check on the operation, the 
vehicle-dyno coast-down history was independently analyzed using the same 
numerical technique employed for the track coast-downs. The road-load power 
resulting from dynamometer inertia weights, bearing drag and vehicle tires was 
within 2% of the ideal over the whole speed range of interest. The actual 
road-load power (normalized by speed), and its components, absorbed by the 
dynamometer system is shown in Figure 3-2. Note that at higher speeds, the 
tire rolling resistance component actually falls off due to elevated tempera- 
ture effects. 

At this point, the half axles and disc-brake assemblies were re- 
installed and the vehicle was ready for dynamometer testing. The ETV-1 under- 
going test in the JPL Automotive Test facility is shown in Figure 3-3. 


B. PROPULSION BATTERIES 

The propulsion battery performance is the single largest variable in 
electric vehicle testing. The available capacity of a lead-acid battery does 
not remain constant over its lifetime and it is extremely sensitive to such 
things as charge procedures and temperature. 

Because of this, JPL has paid special attention to the propulsion 
batteries. The ETV-1, as well as all other vehicles tested at JPL, has either 
had new batteries or batteries which were not yet on the declining portion of 
the capacity-age curve. These batteries were then conditioned by conducting 
10 to 15 charge-discharge cycles. During the conditioning process, weak 
Oatteries were identified (and replaced) and the battery charging procedure 
was refined. 

Conditioning was done by discharging the propulsion batteries into a 
bank of light bulbs which provided a near-constant resistive load. The 


'^Normal force, or weight on the driving wheels, was altered by applying 
constant pressure to a pneumatic lift placed under the front of the vehicle. 
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Figure 3-1. A Comparison of the ETV-1 On-Dyno Coast-Down History with 

the Standard Idealized Coast-History (Based on Coefficients 
Determined from Field Tests) 
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Figure 3-2. ETV-1 Road Load Power Absorbed by the Chassis Dynamometer 




ETV-1 L'nder Test on the JPL Twin-Roll Clavton Dvnamometer 
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batteries were also discharged during checkout of the instrumentation and 
driver familiarization with the vehicle. Both types of discharge form the 
conditioning process and both are important. It has been JPL's experience, 
although limited, that light bank discharges do not necessarily complete the 
conditioning process. Lifferent rates of discharge or different types of 
discharge (e.g,, pulsed currents) need tc be incorporated into battery 
conditioning. 

Battery charging can be a major source of variability. The charging 
method not only affects the subsequent discharge capacity but also battery 
life, heating and recharge efficiency. The ETV-l's on-board charger uses the 
same circuitry as the motor field chopper. Prior to delivery, the transistor 
in this circuitry failed under the high voltage stress of the charge cycle. A 
redesigned higher voltage transistor device was installed but this too failed 
after five or six charges. No further development activity was initiated and 
the vehicle was delivered with a transistor of the original design. In order 
to ensure the integrity of the field chopper after repair, the on-board 
charger has not been used.^ Consequently , the characteristics of the ETV-l's 
charger and its interaction with the propulsion batteries have not been 
quantified. The reliability and test anomalies experienced during the Phase 
III activities are further addressed in Appendix C. 

The DOE recommended practice adopted for the Demonstration Program 
states that prior to each range test the battery will be subjected to an 
"equalization" charge and that this charge shall continue until the specific 
gravity (SG) of each cell reaches a constant value. This is not a practical 
criterion for the ETV-1 because the tunnel arrangement prevents easy battery 
access. In addition, this procedure would have caused excessive battery 
heating. To circumvent these problems and yet ensure that the batteries were 
completely recharged prior to each test, a "quasi-equalization" charge was 
used. In place of the on-board charger, a commercially available power supply 
was used. This device was equipped with external controls tailored to battery 
charging. The charge algorithm used was as follows: 

(1) Charge at a constant 25 A until a pre-set battery pack 
(clamping) voltage is achieved. 

(2) Once the clamping voltage is reached, continue charging for 6 h 
while maintaining the pack voltage at the clamping value. This 
allows the current to taper to a lower value (nominally 4 A). 

(3) The clamping voltage is automatically adjusted throughout the 
charge to account for the varying battery electrolyte 
temperature (temperature compensation - 7.2 mV/°C/cell). 

The clamping voltage for the battery was empirically determined during 
the battery conditioning process. Initial charging during conditioning was 
done with conservatively low clamping voltages. After each subsequent 
discharge/charge cycle, the voltage was increased 0.1 V per module until the 


5 


See Appendix C, 
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battery current, after 5 h of the timed portion of the charge was between 4 
and 5 A. Figure 3-4 shows a typical charge profile. The point at which the 
temperature compensated clamping voltage is reached very closely corresponds 
to where, on a coulombic basis, 100% of the discharge amperage has been 
returned to the batteries. It can be seen that at this spme point the battery 
pack has entered a less efficient charge regime as indicated by the increased 
battery heating rate despite rapidly decaying current. The timed portion of 
the charge was 6 h and resulted in a fixed overcharge in terms of ampere-hours 
(Ah). Because of the constant amperage o\rercharge, the percentage overcharge 
varied depending on the previous depth of discharge (DoD). Typically, 
overcharge varied from 15 to 20% on an Ah basis for this "quasi-equalization" 
charge; charge efficiency was subordinated in favor of battery repeatability. 

If the battery pack is in good condition, the single largest variable 
related to battery capacity is battery temperature. Within the constraints of 
the existing SAE J227a test procedures, allowing for thermal mass considera- 
tions, it is conceivable that tests may be conducted with initial battery 
temperatures ranging anywhere from 16°C to 42°C. Battery capacity and the 
resulting vehicle range, can easily vary by 25% due solely to this parameter. 

Rather than live with the variability induced by different battery 
temperatures, tests were conducted with an initial electrolyte temperature of 
2 \o The choice of temperature is arbitrary so long as it is consistent 

and reasonable. This temperature was chosen since it was convenient to main- 
tain and was not inconsistent with the EPA test procedures. To satisfy the 
21°C criterion, ETV-1 testing could only be conducted every other day because 
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Figure 3-4. Typical Charge Profile of ETV-1 Battery 
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of the large thermal mass of the battery.^ During the interim, the entire 
vehicle was "soaked" at 21°C. In a user environment, a controlled soak 
period would not be present and it is possible that the vehicle range would 
benefit from warm batteries just coming off the charge cycle. 


C . INSTRUMENTATION 

The primary measurement requirements were for a description of electri- 
cal power flow and overall vehicle performance (i.e., energy consumption and 
range). The electrical measurements shown in Table 3-1 are used to define the 
electrical power flow and the efficiencies of the mcjor electrical power 
elements. Because of the chopper controllers used in todays electric 

Table 3-1. ETV— 1 Electrical Measurement 


Basic Measurements^ 


Onboard Power Measurement 
Instrument (PMl) 

Parameter 

Range 

Parameter 

Range 

Battery and armature voltage 

0-200 V 

Battery out, armature in 

0-100 kW 

Battery and armature current 

+500 A 

Armature out, battery in^ 

0-100 kW 

Field voltage 

0-200 V 

Field power 

0-5 kW 

Field current 

0-25 A 

Recharge power 

0-10 kW 

Accessory battery voltage 

0-25 V 



Accessory battery current 

0-25 V 



Recharge voltage 

0-200 V 



Recharge current 

0-50 A 



^Transducers connected to vehicle's electric power system. 


^Regenerative power during braking. 




During track testing, the unavailability of an air-conditioned "soak room" 
required the use of ducted chilled air. This also allowed testing to be 
performed every day. 
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vehicles, special instrumentation is required. The wattmeters used in this 
testing were specifically designed for this purpose. The power (V x A) is 
determined in real-time with a frequency response of 50 kHz to attain a 
measurement accuracy of 1%. During testing, the observed dc accuracy of the 
wattmeters has been within 2% of reading in the range of 20 to 100% of full 
scale . 


Figure 3-5 shows the location of the current shunts and voltage sense 
points needed for the power measurements. These voltage and current signals 
were supplied to the wideband wattmeters and provided the key parameters in 
the characterization of power flow. The wattmeter design was based on the 
unique requirements of a battery powered vehicle using armature chopping 
control . 

Power, voltage, and current signals are isolated from the vehicle's 
battery potential through isolation circuits internal to the wattmeter and 
then directed to a digital data acquisition system. The data are all recorded 
on magnetic tape. Recording is done at various intervals depending on the 
nature of the test. For instance, during Schedule "D" tests, recording 
intervals are as small as 0.1 sec to allow characterization under dynamic 
conditions. Reduction of the data recorded on magnetic tape is accomplished 
on a general purpose computer on an overnight basis. Reference 6 contains the 
details of the complete data acquisition system from sensors through data 
processing. A sample of the reduced data output is shovm in Appendix D. 


D. TRACK TESTING 

The primary objective of the Track Test Program was to establish a 
correlation between the major dynamometer test program and actual moving- 
vehicle, on-road tests. A secondary objective was to obtain quantitative 
measurements of vehicle performance characteristics (acceleration, braking, 
dynamic handling) for comparison to other electric and conventionally powered 
vehicles . 


The track test program was conducted at the Transportation Research 
Center (TRC) located in East Liberty, Ohio, during June and July, 1981. In 
order to satisfy the primary objective, the vehicle-related parameters existent 
during the dynamometer tests were duplicated for the track test program 
wherever possible. Because of the complete on-board instrumentation and 
supporting equipment,^ the vehicle test weight was approximately 1% greater 
than on the dyno. The front/rear weight distribution was 50/50. As specified 
by the JPL standardized test conditions, the entire vehicle temperature and 
battery electrolyte temperature were stabilized at 21°C +3°C prior to all 
range tests. Ambient temperatures during track testing ranged from 18°C to 
27°C and winds averaged about 6 to 8 km/h. 


^This equipment consisted of the PMI (Table 3-1) and On Board Measurement 
System (OBMS) using a microcomputer to control and record a continuous data 
stream, a strip-chart recorder containing pre-recorded driving-cycle profiles 
and two accessory batteries to power these systems. 
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BOARD 

CHARGER 



X I, - ± BATTERY POWER 
I2 - ± BATTERY CURRENT 
V3 X I3 - +ARMATURE POWER 
V4 X 14“ FIELD POWER CURRENT 
Vj X Ij “ BATTERY RECHARGE POWER 
1 ^ “ BATTERY RECHARGE 
V7 X I7 - accessory battery power 

Figure 3-5. Location of Curreu Shunts and Voltage Sense Points Required 
for Electrical Measurements 
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SECTION IV 

ANALYSIS AND RESULTS 


A. ENERGY CONSUMPTION 

Although the ETV-1 embodies many of the features necessary for com- 
mercial application, it is by name and purpose a test vehicle. For that 
reason, it is appropriate that it be evaluated not only as a total end to end 
system but that the major subsystems be evaluated within the system environment 
as well. It is reasonable, therefore, to examine the energy efficiency of the 
vehicle and its components independent of the battery subsystem which powers 
it. In this manner, baseline vehicle energy consumption characteristics can 
be established (measured) and alternate battery subsystems powering the 
vehicle can be more easily evaluated. 

The measured energy required (leaving the battery terminals) to drive 
the ETV-1 at constant speeds and over tLe SAE J227a D and EPA Urban (FTP) 
driving cycles on the dynamometer and in supporting track tests is presented 
in Figure 4-1. Energy required is normalized by distance traveled in order to 
compare the energy consumption of the total vehicle under various driving 
conditions. The track and dyno results all compare With a maximum variance of 
about 5%. Uncontrolled ambient conditions and a slight instrumentation weight 
penalty prevented the track tests from duplicating the standardized conditions 



Figure 4-1. ETV-1 Energy Consumption; Correlation of Dynamometer Test 
Results with Track Test Results 


4-1 



) 

f 


adopted for dynamometer tests. From computer simulation, the 1% weight penalty 
during track tests was determined to cause a similar increase in cycle energy 
consumption (the effect during constant speed tests is manifested in the tire 
rolling resistance component and is less significant). The aerodynamic drag 
effect of the random ambient winds present during track tests can be estimated 
from a procedure developed earlier and reported in Reference 7. Air density, 
which has a linear effect on the aerodynamic drag component, averaged about 1% 
greater in the track tests than the dyno standard atmosphere conditions. All 
three of these effects work to increase the energy consumption measurements 
from track tests by 2-5% depending on the speed and cycle. Applying the 
appropriate corrections, the track test results move to within approximately 
1% of the dyno results. This determination clearly demonstrates the validity 
of the JPL dynamometer calibration and set-up test procedure described earlier. 

A non-raonotonic relationship exists between the energy consumption and 
speed. This results because of the interrelationships of the various sub- 
systems and their individual efficiency characteristics. 


B. ENERGY FLOW ANALYSIS 

In order to determine how the energy was apportioned and consumed among 
the various subsystems, an energy flow analysis was performed. For constant 
speed tests the analysis is straight forward and can be done with a simplified® 
power-balance equation; 

(PBO - PACS) X Ec X E„j X Et = PRL (1) 


where : 

PBO = Battery Output Power 
PACS = Auxiliary Power 
Ej, = Controller Efficiency 
Ejj = Motor Efficiency 
Ej. = Transaxle Efficiency 

PRL = Road Load Power (Aerodynamic Drag plus Rolling Resistance) 

The road load power, which in this case is the power absorbed by the 
dynamometer and tires, can be measured using exactly the same computational 
technique employed in track coast-down testing. Aerodynamic and Rolling 
Resistance coefficients were calculated from the "on-dyno" cofst-down history 


®A part of the auxiliary power, PACS, is used to power-up the microprocessor 
and provide controller housekeeping function. The simplification of Eq. 1 
causes an over-estimation of the controller efficiency of no more than 
1-3%. 
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(see Figure 1-1). These coefficients were then used to calculate the actual 
"road-load" power being "seen" by the rest of the vehicle^ (torque wheels, 
which were unavaiable for these experiments, would provide a more direct 
measurement). PBO and PACS were measured directly during the testing. The 
controller efficiency, E^., was directly calculated since both the motor 
armature and field power were continuously recorded (efficiency is defined as 
power out/power i/u). With these elements determined,^® the power balance 
equation was solved for the product of the motor and transaxle efficiencies. - 
The NASA Lewis Research Center (LeRC) has recently developed a "Road Load 
Simulator" (RLS) in order to evaluate various electric and hybrid vehicle candi- 
date drive trains. An ETV-1 breadboard power train (with a torque transducer 
inserted between the motor and transaxle) was mated to the RLS and character- 
ized at LeRC.^^ Those preliminary results (Reference 8) provided the 
necessary information to separate the losses inherent in the motor-transaxle 
combination and determine their relative efficiencies under various loadings. 

That data completed the information necessary to solve the power balance 
equation. 

This procedure was applied to repeated constant-speed tests performed 
on the ETV-1 in the JPL Automotive Research Dynamometer Facility. Tne results 
of those analyses are shown in the energy flow diagrams presented in Figures 
4-2 through 4-5. Auxiliary power is used to continously charge the accessory 
battery which, in turn, powers the cooling fans, control relays, status lamps 
and lighting. Note that the controller loss is negligible above 40 kra/h 
(25 mph) (greater than 97% efficiency) where the armature chopper is bypassed 
and full battery voltage is applied to the motor armature. Under this 
condition, motor control is provided by the field chopper; the field power is 
very small compared to the armature power so that high controller efficiency 
is expected. Below base speed (approximately 43 km/h or 27 mph), the field is 
at full strength and motor control is provided by the armature chopper which 
modulates the average current and thus the power to the motor. Controller 
efficiency in this regime, should be lower, but is still respectable (92%) at 
a steady 40 km/h or 25 mph (Figure 4-2). Similarily, above base speed, the 
motor efficiency is over 86%. Below base speed (in the armature chopping 
mode) the motor efficiency drops dramatic ly to about 68%. The transaxle 


^Tire losses are known to increase under high torque loading. At steady 
speeds on a level grade the effect is insignificant. 

^®Because instaneous power readings tend to be unsteady, averages were calcu- 
lated over a 3 minute period (50 points). These averages were taken at 
various intervals in the test to examine the effects of battery depth of 
discharge (DoD). Once vehiclp. warm-up effects are considered, little or no 
DoD effect was noted on the average power requirements at steady speeds. For 
consistency, all constant speed analyses performed in this report use the 
data at a 40% DoD. 

^^This effort is a part of the LeRC support to the DOE Electric and Hybrid 
Vehicle Program. The results of those tests (Reference 8) provide more 
detailed component-level data on the ETV-1 power-train. Although some of the 
test procedures used in the LeRC program were different, the overall results 
are not inconsistent with those reported herein. 
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Figure 4-2. ETV-1 Energy Flow Distribution at a Steady 25 mph Speed 



Figure 4-3. ETV-1 Energy Flow Distribution at a Steady 35 mph Speed 
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Figure 4-4. ETV-1 Energy Flow Distribution at a Steady 45 mph Speed 



Figure 4-5. ETV-1 Energy Flow Distribution at a Steady 55 mph Speed 








efficiency appears to be rather insensitive to speed variations at these low 
torque requirements characteristic of steady-speed running. This result is 
typical for a chain-reduction drive as used in the OV-l transaxle. 

The rolling resistance and aerodynamic losses are totally dissipative 
and cannot be expressed in terms of efficiencies. The rolling resistance loss 
in Wh/mi remains virtually unchanged from 40 km/h (25 mph) to 88 km/h (55 mph). 
This component is composed entirely of the tire and wheel bearing loss. All 
other rolling losses not otherwise accounted for (e.g., disc-brake drag and 
half-axle bearings and seal drag) are included in the transaxle losses. Since 
these results are presented as energy loss per mile, which is proportional to 
the resistive force, it is not surprising that the rolling loss is nearly 
constant in this speed regime. Steel-belted radial-ply tires exhibit only a 
slight increase in rolling resistance with speed (up to about 100 km/h), or 60 
mph and that increase is compensated for by the elevated operational 
temperatures of the tire at higher speeds. 

As expected, the energy loss to overcome aerodynamic resistance per 
unit distance varies as the square of the speed (force units). The ETV-1 
exhibits an exceptionally low coefficient of drag^^ and aerodynamics becomes 
the largest loss component only at speeds above 80 km/h (50 mph). All of the 
component losses are presented in Figure 4-6, as a percent of the total energy 
required to operate the vehicle at steady speeds. 

Energy flow analysis performed over repetitive driving cycles (such as 
the SAE 3121a D shown in Figure 4-7)^^ is more involved and requires addi- 
tional information. Because of the transient nature of a driving cycle, an 
energy balance, rather than power balance, equation was used. The formulation 
is similar to Eq. 1 with the additional complexity of the regeneration energy 
components : 

(EBO-EACS) X Ec X Ej„ X E^ = ERL + ERG (2) 

where : 

EBO = Total battery output energy 

BAGS = Total energy required by auxilary power systems 

Ej, = Controller efficiency during acceleration and cruise 


^^Full-scale wind tunnel tests (Reference 9) indicated a zero-yaw drag 

coefficient of 0.30 with the body at design attitude. Subsequent precision 
coast-down tests (See Road-Load Determination), where the ground interface is 
properly included, produced a drag coefficient of 0.32. The reference area 
is 1.84 m2 (19.8 ft^). 

^^The SAE 3211 a D cycle is defined only at certain transition points. JPL 

has interpreted and standardized the cycle to be consistent with acceleration 
and deceleration rates observed in EPA cycles (Reference 10) . 


4-6 


SPEED, mph 


o 



STEADY SPEED, mph 

Figure 4-6. Measured Component and Subsystem Energy Requirements 
as a Percent of the Overall 
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Figure 4-7. JPL Interpretation of the SAE 3121a D Driving Cycle 
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Em = Motor efficiency during acceleration and cruise 

E{- = Transaxle efficiency during acceleration and cruise 

ERL = Total road energy consumed during acceleration and cruise 

ERG = Total stored kinetic energy available for regeneration 
(1/2 MV^ cruise 

Additionally the regeneration energy, ERG, can be further analyzed, 

since: 

EBI = (ERG - ERLj. - EFB) * Etmr * ®cr (3) 

where: 

EBI = Total regeneration energy arriving back at battery terminals 

ERLj- = Road load energy consumed during Coast and braking 

EFB = Total energy consumed in friction braking 

Emtj- Product of motor and transaxle efficiencies during regeneration 

Egj. = Controller efficiency during regeneration 

As previously indicated, all the necessary electrical energy measure- 
ments were continuously recorded; mechanical energy flows, however, were 
determined by other means. The Electric Vehicle (ELVEC) computer simulator, 
maintained by JPL (Reference 11), was used in order to integrate the road-load 
requirement over the SAE J227a D cycle. That is, the simulator's road-load 
model was first validated by comparing ELVEC predictions with dyno test results 
at constant speeds. Projected aerodynamic and rolling power requirements were 
all within 2% of those determined from the dyno road-load analysis previously 
discussed. The energy consumed by aerodynamic drag and rolling resistance 
over the acceleration/cruise and brake/coast portions of the cycle were then 
determined by ELVEC. The energy available for regeneration, ERG, is 
merely the system kinetic energy as it begins the coasting phase. The 
efficiency Ej, is easily calculated since all energy flow into and out of the 
controller is recorded. Equation 2 was then solved for the product of the 
motor and transaxle efficiencies . The LeRC ETV-l drive-train data at higher 
torques was used to aid in their separation. 

Equation 3 describes the energy flow during the coast and brake portion 
of the cycle. The energy returning to the battery terminals, EBI, is a 
measured quantity. The road-load energies are inferred from ELVEC models as 
previously discussed; the friction braking energy, EFB, is inferred from the 


14m 

is the effective mass of the vehicle - dynamometer system rotational 
inertia. 

^^Due to torque effects which are not included, ELVEC may underestimate the 
tire loss during the acceleration portion of the cycle. 
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ELVEC model as well by using the same brake-blending algorithm as in the ETV-1 
microprocessor itself. The controller efficiency during regeneration is 
calculated using direct energy measurements. Equation 3 is then solved for 
the product of the transaxle and motor efficiencies during regeneration. No 
attempt was made in this case to separate the two (motor and transaxle 
efficiencies are expected to be different when the direction of energy flow is 
reversed) . 

The result of this analysis is shown in Figure 4-8. Here again, the 
energy consumed has been normalized by distance traveled in order to have 
compatible units with the previously developed constant-speed energy 
distributions. Both the controller and motor-transaxle combination are 
significantly less efficient during regeneration Over 42% of the kinetic 
energy stored in the vehicle during cruise makes its way back to the battery 
terminals. Although the benefit of regeneration is generally accepted, the 
resulting range increase is open to question. The Argonne National Laboratory 
(ANL) has conducted a series of programmed dc load cyclic experiments and 
concluded that for lead-acid batteries, 98% of the energy returned by 
regeneration becomes available for increased range (Reference 12). Planned 
experiments to quantify the effect by disabling the regeneration circuit were 
eliminated when it was determined that major alterations to the microprocessor 
would be required. For these reasons. Figure 4-8 avoids the issue of "net 
energy" from the battery showing merely the total energy leaving the battery 
terminals (294 Wh/mi) and the total returned by way of regeneration (44 Wh/mi) 



Figure 4-8. ETV-1 Energy Flow Distribution over the SAE J227a D Driving Cycl 
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C. RANGE 

Discussion of the range performance or energy consumption at the wall 
plug of the ETV-1 has been purposely avoided. The characteristics of the 
battery system which power the vehicle are much more inconsistent than any 
other subsystem or component. A battery's potential for producing power and 
energy are sensitive, and somewhat unknown, functions of such variables as: 

(1) Charging procedures. 

(2) Age. 

(3) Temperature. 

(4) Previous discharge history. 

(5) Discharge rates. 

Some of these variables can be controlled in a testing environment by 
strictly regulating the procedures. A private or fleet user, however, could 
not be expected to consistently maintain such controls. Therefore, statements 
regarding range performance, under some particular (standard) set of circum- 
stances, are of questionable value. This situation is similar to EPA fuel 
economy ratings for internal combustion (IC) engine automobiles. Unlike the 
relatively consistent fuel energy content cf an IC vehicle gas tank, however, 
the energy available from an electric vehicle, battery pack introduces major 
additional ut;.certainties . 

Nevertheless, the range and corresponding battery performance 
experienced in dynamometer and track tests are presented in Figures 4-9 and 
4-10.^^ Testing to battery depletion at 40 km/h (25 mph) was prevented 
because of motor and controller overheating in the armature chopping mode,^' 

If these range results seem less than inspiring, recall that the test condi- 
tions were not designed to maximize range. For instance, requiring batteries 
to cool down to 21°C before initiating tests significantly reduces their 
energy capacity below that available immediately following charge when battery 
electrolyte temperatures can be above 40°C. Increasing evidence indicates 
that lead-acid battery capacity may be increased by about 1% per °C in these 


1 

•■■ Two different batteries are represented. The original batteries delft vered 
with the vehicle (EV2-13, 048 Series) were replaced for dyno testing with 
Globe EVIOOO prototype modules (commercial prototype based on EV2-13 design). 
A new set of EVIOOO commercial modules was installed and characterized prior 
to the track testing. 

^^At 40 km/h (25 mph) which is just below base speed, the armature chopper is 
on nearly continuously and inadequate cooling results. In an attempt to 
perform this test, the PCU temperature reached 63°c (146 °f) and the motor 
temperature reached 127°c (261°F). 
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Figure 4-9. ETV-1 Range Performance Experienced During Dynamometer and 
Track Testing 


temperati’re ranges.^® In addition, vehicle test weight is defined as curb 
weight plus a 273 kg (600 lb) payload, bringing the ETV-1 test weight to 1795 
kg (3,950 lb). The incremental nature of Clayton dynamometer inertia weights 
required the use of 1818 kg (4,000 lb). All these tests were terminated when 
a low-voltage criterion of 1.65 V per cell for constant speed tests and 1.3 V 
per cell during acceleration for cyclic tests was reached. 

The ETV-1 was previously reported to have demonstrated a range of 
74.2 mi over the J227a D cycle. These track tests v/ere performed by Chrysler 
at their Chelsea Proving Grounds (Reference 14) before delivery to DOE and JPL. 

Following concerns raised by JPL, DOE requested JPL to lead a working 
group activity whose task would be to unravel the discrepancies between the 
General Electric (GE)/Chrysler ETV-1 track test results (74 mi) and the JPL 
dynamometer ETV-1 test results (45 mi). The primary focus of this group was 
on the performance of the two series of batteries involved. However, 
knowledge of the vehicle environment required an investigation of variances 
between the other vehicle subsystems as well. Group participants included 
representatives from Johnson Controls (Globe Battery Division), General 
Electric CRD, Lewis Research Center, Argonne National Laboratory and JPL. 


18 

"Results from recently completed tests of the ETV-1 at JPL with 18 lead-acid 
modules contained in a thermally controlled box (Reference 13). The results 
were corroborated in ad-hoc tests performed by Argonne National Laboratory. 

^^In fact, the 1.3 V termination criterion was always reached on the same 
cycle that the acceleration criterion (Figure 4-7) could not be met. 
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Figure 4-10. Battery Performance Experienced During Dynamometer and 
Track Test 
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The track tests which were run for GE at the Chrysler Chelsea Proving 
Grounds during August and September 1979 were performed on the No. 1 prototype 
vehicle (ETV-1-1) with Globe-Union 048 Series EV2-13 battery modules installed. 
The JPL dynamometer tests were performed with the No. 2 prototype vehicle 
(ETV-1-2) powered by Globe's EVIOOO prototype battery modules (commercial 
prototype based on EV2-13 design). 20 

The ultimate objective of the working group was to understand the 
operation and results from the ETV-1 test programs and develop a consensus 
among the group participants regarding the cause of the apparent discrepancies 
(Appendix E). 

The approach adopted was to first review the details of the Chrysler 
and JPL test procedures and results, identify the sources of variance, and 
then focus attention on the performance of the two series of batteries in 
these and other test programs. As anticipated, these discussions resulted in 
the need for further information. A series of special tests was devised 
subject to the availability of representative battery modules. 

Power profiles were empirically derived (from a combination of special 
dyno tests and computer simulations) representing the two separate J227a D 
cycle tests. Certain parameters were known to be different. In addition to 
the fact that two different vehicles wei.e involved: 

(1) The ETV-1-1 Chelsea track test payload consisted of the driver 
and only minimal instrumentation (total test weight of 1,645 kg)j 
JPL dyno testing was performed with a test weight specification 
of 1,795 kg. (doe range goals were based on a payload of 273 kg). 

(2) Since only the transition points are defined on the J227a D 
cycle, the GE and JPL interpretations of the acceleration and 
deceleration profiles were different. 21 

As a result, the GE-track cycle energy requirement was 285 Wh/mi from the 
battery terminals with 48 Wh/mi returning through regeneration. The JPL-dyno 
cycle required 294 Wh/mi and returned 44 Wh/mir, 

In an effort to quantify what part the two battery types played in the 
test discrepancy, a test program was initiated at the National Battery Test 
Laboratory (NBTL) which is a part of the Argonne National Laboratory. 
Representative EV2-13 and EVIOOO battery modules were subjected to the two 
empirical power profiles at ambient and a number of elevated electrolyte 


20Following the Chelsea tests, the No. 1 prototype vehicle underwent costing 
studies at Chrysler while the No. 2 vehicle was finished and delivered to 
JPL for the Phase III Test Activity. Since over a year elapsed between 
delivery of the EV2-13 batteries from Globe and the initiation of the JPL 
test activity (during which time, little maintenance was performed) the 
original batteries were replaced with the EVIOOO prototype. 

21gE chose to optimize the acceleration profile in order to maximize the 
efficiency of their controller. 
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temperatures (The Chelsea test was performed at some unknown elevated 
electrolyte temperature following a 19 h, non-temperature-compensated, charge). 

The conclusion, and final group concensus, reached at the close of 
these ad-hoc activities were: 

(1) The Globe 048 series batteries used in the Chelsea tests had a 
6-10% greater energy capacity than the Globe EVIOOO prototype 
batteries used during the JPL tests. 

(2) The differences in payload, driving profile interpretation and 
vehicles resulted in 8% more range during D-cycle tests at 
Chelsea than during JPL dyno testing. 

(3) There is an uncertainty of at least 5% in simulating track tests 
in the laboratory with dynamometer-generated power profiles. 

(4) D-cycle range increases with battery electrolyte temperature at 
a rate of i.1% per °C. 

(5) The largest factor affecting range (and the one having the 
greatest uncertainty) is electrolyte temperature. It would not 
be unreasonable, however, to expect that the electrolyte 
temperature of the batteries used during the Chelsea test was at 
least 50°C. Since the JPL dyno tests were performed with an 
average electrolyte temperature of about 26°C, one would 
expect a range difference of 25-30% from this parameter alone. 

(6) A combination of these effects and uncertainties provides the 
basis for a reasonable explanation of the range difference. 

(7) Reporting EV range is of questionable value because of the many 
arbitrary operational parameters which have first order effects 
on the results. 

As an additional check on the scenario, a special road test was 
performed with the ETV-1-2 while it was at the TRC track. In an effort to 
duplicate the Chelsea test, weight was removed from the vehicle and the 
starting battery electrolyte temperature was raised significantly. The 
average range, resulting from two GE-type D-cycle tests with electrolyte 
temperatures around 57°C, was 71.6 mi. It should be noted that these tests 
could not exactly reproduce all the original Chelsea test parameters so 
74.2 mi was ‘ it expected. There were several important differences: 

(1) Different vehicles (probably a small and perhaps negligible 
effect) . 

(2) Different batteries. (This effect was quantified in the ANL 
tests to be about -8%.) 

(3) Different test weights, (The special JPL tests were performed 
with the PMI system aboard to record data.) The additional 78 kg 
should have had a -4% impact on the D-cycle range. 
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(4) An estimate was made that the Chelsea electrolyte temperature 
was "around" 51°C. The charge procedure used to elevate the 
temperature for these special tests turned out to be too aggres- 
sive leaving the average electrolyte temperature at about 57°C. 

(This effect was quantified by the ANL tests to be about + 6%.) 

Combining these effects, (geometrically) one would have expected the vehicle 
to have 6% less range in the special JPL tests than in the original Chelsea 
test. Or, more specifically, if the above scenario were correct, the vehicle 
should have gone 69.7 mi in the JPL tests compared to 74.2 mi in the original 
Chelsea test. The agreement is within 3%. Had the Chelsea battery tempera- 
ture been assumed to be 48°C instead of 51°C (just as reasonable), the 
agreement would have been nearly perfect. 


D . TRACK PERFORMANCE 

The primary objective of the track test program was to corroborate the 
dynamometer results. Attempts were also made to evaluate various performance 
and handling characteristics in the road environment. Specifically, accelera- 
tion and braking tests were performed. Planned dynamic handling tests such as 
skid-pad and high speed slalom maneuvers were unsuccessful because of signifi- 
cant tire/wheelhouse interference. Although sagging springs may have contri- 
buted to the vehicle's inability to negotiate a 30 m (100 ft) radius skid-pad 
at speeds greater than 50 km/h (30 mpb), the real problem was found to be a 
front-end manufacturing flaw which prevented full suspension travel except in 
straight ahead running. This situation is not uncommon in non-production 
hardware. The second ETV-1 vehicle was later found to have significantly more 
wheelhouse clearance and would probably have a much higher speed threshold 
before interference problems set-in. 

Maximum acceleration tests were planned for two vehicle payloads 
(195 kg and 316 kg) and a range of battery depths of discharge. Unfortunately, 
high quality acceleration data was virtually impossible to generate on this 
vehicle. Motor over-current protection circuitry prevents simple full-throttle 
application.^^ Many practice runs were required in order for the driver to 
"sense" the main contactor drop-out threshold. As a consequence, acceleration 
times were rather unrepeatable and lacked the accuracy required to assess the 
specific effects of DoD with any confidence. No clear monotonic trend with 
DoD emerged with the exception of the last runs where the battery was clearly 
depleted. Top speeds in excess of the DOE goal (97 km/h, 60 mph) were easily 
achieved . 

Table 4-1 presents the results of these maximum acceleration tests for 
the two payload cases and compares them with the DOE Program goals. 

Although neither payload (test driver and instrumentation) package was 
identical to the 273 kg payload specified in the DOE performan^'a goals, they 


OO 

Controller software limrts the armature current to 400 A. The current 
sensor a (temperature-sensitive Hall-effect device) drifts causing an 
erroneous over-current signal which breaks the main contactor. 
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Table 4-1. Results of Acceleration Tests 


(Average Performance at 0 to 80% DoD) 


ETV-1 Track Performance DOE Goal 


Payload Payload Payload 

195 kg 316 kg 273 kg 


0-48 km/h 
(0-30 mph) 

8.6 

8.8 

9.0 

0-80 km/h 
(0-50 mph) 

20.2 

21.3 

- 

40-88 km/h 
(25-55 mph) 

18.4 

19.6 

18.0 


bracket that value. It appears that the zero-to-48 kro/h (30 mph) acceleration 
goal of 9.0 sec was met, but that the 40 to 88 km/h (25 to 55 mph) passing 
acceleration goal of 18.0 sec could not be met even at the reduced weight. 

The zero-to 80 km/h (50 mph) time is shown for completeness since this is 
becoming an un-official acceleration measure for conventional vehicles. It 
would appear that chs ETV-1 has acceleration performance similar to many non- 
turbocharged diesel automobiles now in production. 

Several types of straight-line braking tests were performed with the 
vehicle at its standard track-test weight of 1,835 kg. Braking distances to 
stop from approximately 48 km/h (30 mph) and 96 km/h (60 mph) were measured 
and repeated three times after cool-down periods. Brake pedal effort was 
limited to an average of 673 N (150 lb). The results shown in Table 4-2 
indicate the consistency of these tests. A brief review of road tests from 
the automotive press indicates that these braking distances are representative 
of typical American sedans and are approximately 20% greater than the best 
production "sports" machines. Brake fade tests were also performed by 
measuring braking distance from 96 km/h to zero following both six and ten 
repetitive 1/2-g braking efforts. These distances, shown in Table 4-2, 
indicate an increase of less than 7% in the worst case and therefore suggests 
that brake fade is not a serious problem. 

Summaries of the major output variables from each individual 
dynamometer and track test are included in Appendix F. 
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Table 4-2. Results of Braking Tests 


f 


Cool Brake Tests 
Distance to Stop (m) 





Test 1 

48 km/h 

to 

0 

13.59 

(30 mph 

to 

0) 


96 km/h 

to 

0 

48.52 

(60 mhp 

to 

0) 



Test 2 

Test 3 

Test 4 

13.20 

13.32 

13.38 

48.98 

48.83 

48.78 


Brake Fade Tests 
Distance to Stop (m) Following: 


6 — 1/2 g Braking Efforts 10 — 1/2 g Braking Efforts 

96 km/h to 0 51.85 50.29 

(60 mph to 0) 
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CONCLUDING REMARKS 


The ETV-i Electric Test Vehicle represents a significant step forward 
in the development of a viable electric passenger vehicle. Developed by using 
a total system design approach, the various electrical and mechanical 
subsystems have been properly integrated to produce an aesthetically pleasing 
vehicle having outstanding energy economy. Much of that success is due to 
the low road-load energy requirement and the aerodynamic design in 
particular. Aerodynamics was involved, from the outset, as an integral design 
parameter. As a result, the energy required to overcome aerodynamic drag is 
approximately 30% lower than could be expected by converting the best of the 
current production sub-compacts. 

The ele(?trical drive components, armature and field choppers, traction 
motor, power conditioning ind controller logic all work together as a near 
optimum system (Reference 15). 

Tlie battery subsystem still remains the weak link to continued 
development and public acceptance. Although lead-acid battery technology is 
more than a century old, significant improvc.ment may still be available. For 
example, feed-back control charging procedures and thermal management are two 
areas where potentially substantial benefits could be derived. 

A significant point about electric vehicle test procedures and 
specifically range results needs further emphasis. It is quite difficult to 
perform credible tests on a system as complex as an automobile. Furthermore, 
unlike the energy content of an IC vehicle fuol tank, the energy available 
from an electric vehicle's battery pack intrcJuces major additional 
uncertainties. Normal consumer operation of the ETV-1, within the varying 
seasonal climates across this country, could reflect urban range performances 
that vary by a factor of three or more. Even two serious testing 
organizations (JPL and GE/Chrysler) observed vastly different range results. 
Without thermal control, lead-acid battery capacity is so variable that any 
corresponding range results must be accompanied by very specific 
qualifications or it is relatively useless. The "proper" battery temperature 
at which to perform testing, if reasonable and constant, is arbitrary (and, 
hence, the range as well). Cycle-life testing at a range of battery operating 
temperatures will provide the missing information to conduct the necessary 
performance and economic trade-offs required to establish the "proper" battery 
environment . 


Q 

■^■^The DOE ETV-1 energy consumption (Wh/mi leaving the battery terminals) is 
approximately 2P% less than that required by the South Coast Technology (SCT) 
converted Rabbit over a D cycle (Reference 10). 


5-1 


REFERENCES 


i 

r 


1- Near-Term Electric Vehicle, Phase II Final Report , General Electric 
Corporate R&D, Contract No. DE-AC03-76CS51294, March 1980. 

2. Electric Vehicle Test Procedure , SAE J227a SAE Recommended Practice. 

3. Marte, J.E. , et al . , A Study of Automotive Aerodynamic Drag, 
DOT-TSC-OST-75-28, September, 1975. 

4. White, R.A. and Korst, H.H., "The Determination of Vehicle Drag 
Contributions from Coast-Down Tests," SAE Paper No. 720099, January 
1972. 

5. Dayman, Jr., B., "Tire Rolling Resistance Measurements from Coast-Do\m 
Tests," SAE Paper No. 760153, February 1976. 

6. Griffin, D.C., and Bryant, J.A., "Data Acquisition System for Electric 
Vehicle Tests," Proceedings of IAS Annual Meeting , IEEE Industry 
Applications Society, September 1980. 

7. Kurtz, D.W., Aerodynamic Design of Electric and Hybrid Vehicles; A 
Guidebook , JPL Publication 80-69, September 1980. 

8. Sargent, N.B., and Dustin, M.D., Characterization of the Near Term 
Electric Vehicle (ETV-1) Breadboard Propulsion System Over the SAE 
J227a Driving Schedule D , DOE/NASA/51044-15 , February 1981. 

9. Kurtz, D.W., The Development of a Low-Drag Body Shape for the ETV-1 
Electric Vehicle , JPL Document 5030-438, December 1979. 

10. Price, T., et al . , Vehicle Test Report; South Coast Technology Rabbit , 
JPL Publication 81-28, April 1981. 

11* General Research Corporation Electric/Hybrid Vehicle Simulation Program 
(ELVEC Version 5.3) Documentation Volume 1; Fortran Source Code , JPL 
Document 5030-247 Revision C, July 1980. 

12. Hornstra, F., et al . , "Some Effects of Regenerative Braking on 
Lead-Acid, Nickel/lron and Nickel/Zinc Batteries," Abstract #4, 

Extended Abstracts , Vol . 80-1, The Electrochemical Society, St. Louis, 
May 1980. 

13. Graf, J.E., Toczylowski, J.F., and Chapman, C.P., "Elevated Temperature 
Lead-Acid Battery Pack Testing," presented at the Electric Vehicle 
Council Symposium No. IV, Baltimore, Maryland, October 1981. 

14. Rowland, E.A., and Schwarze, K.W., "System Design of the Electric Test 
Vehicle - One (ETV-l)," SAE Paper No. 800057, February 1980. 

15. Wilson, J.W.A., "The Drive System of the DOE Near-Term Electric Vehicle 
(ETV-1)," SAE Paper No. 800058, February 1980. 


6-1 


APPENDIX A 


ETV-1 SUBSYSTEM DESCRIPTIONS 


A. CHASSIS 

The ETV-1 (Figure A-1) is a four passenger electric car which was 
developed as a total system. Packaging and structural studies led to the 
incorporation of a front wheel drive system with transversely mounted motor 
and transaxle, and a central longitudinal battery tunnel which is a fully 
integrated element of the unibody construction. 

Aerodynamic design was recognized as an important design parameter at 
the outset. A major drag reduction program was initiated and coordinated with 
the styling activities yielding a drag-area product (CjjA) approximately 30% 
lower than current conventional subcompact cars. 

High-strength low-alloy steel is used in several locations to obtain a 
high strength-to-welght ratio. External body panels such as the doors, hood 
and fenders are heat treated aluminum. Additional weight savings were 
achieved by using a polycarbonate resin, Lexan® for the side and rear 
windows. The ETV-1 meets all applicable Federal Motor Vehicle Safety 
Standards (FMVSS) that were in effect at contract initiation (April, 1977). 

The sole exception was the Lexan(S)the side and rear window glazing which was 
expected to be acceptable in the mid-1980 time frame. 

Chassis specifications are shown in Table A-1. 


B. DRIVE TRAIN 

The prime mover is a General Electric four pole, separately-excited dc 
motor. It is transversely mounted ahead of the front wheels and transmits 
power to a differential through a double reduction chain drive. Specifications 
are shown in Table A-2. 


C . ELECTRONICS 

The separately excited dc motor is controlled by transistor armature 
and field choppers which are in turn commanded by the propulsion control 
microcomputer. Based on the Intel 8080A, the microprocessor is the interface 
between driver demands and the electronic components. The drive subsystem is 
shown schematically in Figure A-2. 

The control strategy calls for armature control for vehicle speeds from 
0 to 43 km/h (27 mph) and field control beyond. In the armature control mode, 
the average motor armature voltage is varied between 0 and 108 V (nominally) 
by the duty cycle of the armature chopper while the field current is held 
constant by the field chopper. During the field control mode, the field 
current is reduced and the armature sees the full battery voltage through an 
armature chopper bypass contactor. 
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Table A-1. Chassis Specifications 


4-Passenger, central backbone unit-body 
Curb weight 
Wheelbase 
Overall length 
Overall height 
Overall width 
Tread, front 
Tread, rear 

Fully independent suspension 
Front 
Rear 
Brakes 

Front 

Rear 

Tires 

Front 

Rear 

Drag coefficient 
Frontal area 


1,522 kg (3,350 lb) 

249 cm (98,0 in.) 

430.3 cm (169.4 in.) 

131.1 cm (51.6 in.) 

166.9 cm (65.7 in.) at B-Pillar 

142.2 cm (56.0 in.) 

141.2 cm (55.6 in.) 

McPherson strut (Omni) 

Trailing arm, spring over shock 

Blended hydraulic and dynamic 
regenerative 

Discs (Omni) 

Drum (Omni) 

Goodyear extra load P175/75R13 
29 psi 
42 psi 

0.32 (nominal)® at zero yaw 
1.84 m2 (19.8 ft^) 


gOpen windows and headlights cause an 11% and 13% drag penalty, 
respectively (Reference 7). 
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Table A-2. Drive Train Specifications 
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Motor 

Continuous rating 
Force-ventilated 
Maxiumum speed 
Shunt field 
Approximate weight 
Transmission 

Double reduction morse "HY-VO” 
chain, fixed ratio 

Differential 

Modified production Omni 

Overall final drive ratio 


15 kW (20.1 HP), 96 V 175 A 
59 1/s (125 cfm) 

5000 RPM 

330 turns/pole 

100 kg (200 lbs) 


5.48:1 



Figure A-2. ETV-1 dc Drive Subsystem (Reference 15) 
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When the vehicle is stationary, the field chopper circuit can be used 
as an on-board battery charger using a 115 V 50 Hz ac power line. Electronic 
specifications are shown in Table A-3. 


Table A-3. Electronic Specifications 


Armature Chopper 

Continuous rating 




Motoring 


+200 A 


Generating 


-100 A 


Transient rating 


( 1 min) 


Motoring 


+400 A 


Generating 


-200 A 



Field Chopper/Charger 


Continuous rating 



Field supply 

10.6 A, 53 V 


Switching frequency 

9 , 5 kHz 


Charging 

24 A, 132 V (30 
8 A, 132 V (15 

A Line) 
A Line) 

Switching frequency 

5-15 kHz 



D. BATTERY SUBSYSTEM 

The propulsion battery was specifically designed for the ETV-1 by 
Johnson Controls, Globe Battery Division (previously Globe-Union). The 
eighteen modules making up the battery incorporate the following features: 

(1) Radial grid plate design (13 plates/cell). 

(2) Low aspect-ratio plates (90° rotation from conventional). 

(3) Single point watering system. 
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.(4) Right and left hand terminal design to minimize cabling losses. 

The battery specifications are shown in Table A-4. 

Table A-4. Battery Specifications 


6 V Modules , 

108 V nominal pack voltage 
Energy Density 
Power Density 
Life 

Approximate weight 
Module size 
Length 
Width 
Height 


37.5 Wh/kg (17 Wh/lb) 3 h rate 
181 W/kg (82 W/lb) peak 
500 cycles to 70% DoD (design goal) 
495 kg (1,090 lb) 18 module pack 

26.4 cm (10.4 in.) 

18.3 cm ( 7.2 in. ) 

28.3 cm (11.1 in . ) 
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THE IMPROVEMENT OF DYNAMOMETER RESULT ESTIMATION 
THROUGH UNCERTAINTY ANALYSIS 


The objective of performing an analysis of this type is two-fold: 

(1) To quantify the influence of error propagation on the results of 
JPL EHV dynamometer testing. 

(2) To gain insight for refining the test techniques, where 
applicable, in order to minimize uncertainty. 

The vehicle-dynamometer system is iteratively adjusted until the system 
coast-down history approximates the ideal-standardized mathematical history 
derived from track coast-down tests. Although that match can be within a 
percent or two, the accuracy of the ideal-mathematical expression is still 
open to question. The following analysis quantifies the probable error in 
that expression from the true value. 

The governing equation for a vehicle coasting down over a fixed grade 


or 


where , 


dV T. 

M _ = 2 Forces = Road Load 
dt 

7 -T = 7 ^ C A - W(G + C_ V) + W0 
g t Z D R R — 

® o V 

>■ ^ 

Aero Drag Rolling Grade 

Resist. Force 


W = Vehicle Weight 
g = Acceleration Constant 

AV = Dyno-Match Speed Increment 16 km/h (10 mph) 

At = Dyno-Match Time Increment 
P = Air Density 
V = Instantaneous Vehicle Speed 
C]) = Aerodynamic Drag Coefficient 

A = Vehicle Frontal Area 

^Rq = Rolling Resistance Constant Coefficient 

^’r^ = Rolling Resistance Speed-Dependent Coefficient 

6 = Grade Slope 


( 1 ) 

( 2 ) 
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Dealing with the left-hand expression from Eq. 2, the average road load acting 
on a vehicle as it coasts-down from one speed to another is; 


The Combined 


W Av 

Road Load, (RL) = ~ ^ 

Road Load Sample Standard Deviation, 


SjQ^ is defined: 









( 3 ) 


( 4 ) 


And the Precision Index, PIrl> in percent is simply: 




RL 

RL 






(5) 


From fifteen repeated track coast-down tests, the element sample standard 
deviations and norms were determined to be: 


Sample Standard Deviations 
~ 0»061 m/ s 

= (32 to 16 km/h) = 1.25 sec 

= (90 to 73 km/h) = 0.49 sec 

Evaluating Eq. 5 with the above values 
yields ; 

Low Speed: 


Norms 

W = 1,795 kg 
Av = 4.48 m/s 

At (32 to 16 km/h) = 42.97 sec 
At (90 to 73 km/h) = 22.60 sec 
for both low and high speed regimes 



= +3.42% 


and 


High Speed: 



With a sample size of 15, the students T statistic is 2.13 for 95% 
containment. Therefore, there's a 95% probability that the true road load 
value is within j+7.28% and +5.99% of the norm at the low and high speed 
regimes respectively. 

Equation 2 shows that the Road Load can be represented by the 
expression on the right side of the equation. By making an independent 
estimate of the road load from component test results, the "combined 
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uncertainty interval" principle can be used. Simply stated, if the true value 
lies within each independent uncertainty interval, it also falls within the 
combined interval (A union B). 


Equation 4 can be rewritten for the right side of Eq. 2: 



The Precision Index, PIrl i-S again S^l/RL but now cannot be reduced to the 
form shown in Eq. 5. 

The following sample standard deviations (Table B-1) were determined 
from wind tunnel tests (Reference 8), special tire tests (private 
comniunication with Goodyear) and careful grade surveys of the runways. The 
precision Index from these independent estimates is +3.01% and 1.64% for the 
low and high speed regimes . Since the sample size is much greater in this 
case (high sample rates in the wind tunnel and tire facilities), a normal dis- 
tribution may be assumed. The 95% containment interval then occurs at 1.96cr. 

Table B-2 shows the resulting Road Load confidence interval at the low 
and high speed regimes for the two independent estimates. 


Table B-1. Sample standard Deviations and Norms 


Sample Standard Deviations 


Norms 

. = 0.0055 m^ 


= 0.552 m^ 

S_ = 0.00021 N/N 
^R 

o 

o 

= 0.0095 N/N 

= 0.00000045 
“r N-m 

V 

V 

= 0.0000112 

N-m 

S^ = 0.0013% 

e 

= 0.1776% 
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Table B-2. Road Load Confidence Interval 



Speed 

km/h 

Nominal 
Road Load 
N 

95% Confidence 
Interval 
N 


, Low 

(32-16) 

186.7 

173.1 - 200.3 

Coast-Down 

1 



Testing 

High 

(90-73) 

354.9 

333.6 - 376.2 


Low 

(32-16) 

190.9 

179.6 - 202.2 

Component 




Testing 

High 

(90-73) 

359.2 

347.1 - 370.7 


Note that there is indeed an interval overlap in the two estimate approaches. 
If some minimum overlap had not been found, it would indicate that 

(1) There was an instrumentation error. 

(2) There were data reduction errors. 

(3) There is some yet unidentified error source. 

However, significant overlap exists. The centroid of that overlap is 
the new nominal road load value and the boundaries represent the 95% 
confidence band. 

In summary, there is a 95% probability that the true low speed road 
load is 189.9 N +5.4% and the high speed road load is 358.6 N +^3.2% for the 
standard conditions defined (zero wind, zero grade, standard test atmosphere). 
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ETV-1 RELIABILITY DURING TEST PROGRAM 


The ETV-1 is a highly advanced vehicle. Because of the nature of the 
contract timing and final assembly delays, the vehicle was delivered to JPL 
with very little operational experience. As a result, the JPL test program 
was often interrupted and delayed by many "failures” and test anomalies. The 
following history indicates the frequency and diversity of the problems with 
brief comments. A complete and detailed log book was also kept (as with all 
vehicles tested by JPL) which documents all repair and service activities. 
After addressing several minor and a few major deficiences, the ETV-1 has 
become a reliable test vehicle. 


PROBLEM/ FAILURE HISTORY AT JPL 
Vehicle received on October 2, 1979 

Accessory battery charger not operational on delivery. 

October 10, 11 - GE personnel at JPL to repair accessory battery charger. 
(Repair required lowering charger current to 17 A to eliminate overheating. 

October 29 - Vehicle will not start. 

(Accessory battery was discharged - constant 1.5 A drain from reversing 
relays in motor temperature circuitry.^) 

The vehicle had no major failure other than several chopper contactor drop 
outs for the month of November . 

(This abnormality seems to occur during acceleration with the accelerator 
pedal to tne floor.) 

December 4 - Transmission case cracked and PCU damaged while performing 
coastdowns on the dynamometer. (A logic error in the microprocessor allowed a 
buildup of field current with the key switch off at 100 km/h. This condition 
further induced the very high transcient torque which cracked the transmission 
case. PCU regeneration and motoring modules found to be shorted out.) 

December 12 - PCU sent to GE for repair. JPL to fabricate new more durable 
transmission case. 

Remainder of January and part of February used for preparing vehicle for 
dynamometer testing, (e.g., shunts installed) and coastdown test at Edwards 
Air Force Base (e.g., half-axles removed, fifth wheel installed). 

February 14 1980 - Microprocessor software reprogrammed, PCU repaired and 
returned to JPL. Transmission case fabrication still in process. 

Coastdown testing performed at ETS (March 17 - April 21). 
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See continuing problem list at the end of this Appendix (No. 1). 
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April 29 -Battery pack removed from vehicle to replace batteries 1, 2, 3, 4 
and 9 due to low capacity. 

(Battery pack and frame were very corroded because of electrolyte leakage from 
the watering system.) 

April 30 - Installed new transmission case. 


May 9 - First formal dyno test - 55 mph 
Range = 59.5 mi 

Energy Battery Out = 12.776 kWh 

May 12 - "D" cycles 

Range = 32.6 mi 

Energy Battery Out = 14.542 kWh 


May 19 - 45 mph 

Range = 78.2 mi 

Energy Battery Out = 14.542 kWh 


May 21 - 35 mph (Test terminated due to QD cut out, reason unknown) 

Range = 62.6 mi 

Energy Battery Out = 10.670 kWh 


May 22 - Attempted FTP 

Test terminated when main contactor continued cutting out in deceleration 
mode . 


May 27 - Determined that the cut out problem was due to drift in the armature 
current sensor of the PCU. Decision was made to replace the original 
(year-old, plus) battery pack. 

June 3 - GE at JPL to address current offset problem — severe arcing 
damage found inside PCU. 

(Returned PCU to GE for investigation repair.) 

June 23 - PCU returned to JPL from GE. Solder splashes on circuit boards 
responsible for arcing. 

July 28 - Shutdown during FTP test caused by PCU overheat due to air duct 
failure. (Air duct redesigned and replaced by JPL). 

October 9 - Shutdown during first 25 mph constant speed test due to 
Oscillation in 10 volt logic power supply. (Minor circuit modifications to 
the low voltage power supply required the addition of a capacitor to the 
Schmitt trigger and resistor and transistor changes in the preregulator). 

29 October - Shutdown during D cycles or when warm. 

Ten-volt logic power supply now rises to fault gate twith temperature. 
(Replacing the 11 V regulating Zener diode with a 10 V Zener maintains the 
voltage between 9.6 and 10.2 V). 
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See continuing problem list at the end of this Appendix (No. 2). 
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The ETV-1 has continued to operate in a reasonably reliable fashion 
since November, 1980. Several actions still need attention but are in the 
area of nuisance concerns: 


Continuing Problems 

1. Problem . As presently configured, there is a continuous current drain 
of approximately 1.5 A to power - l*- i /ersing relays in the motor 
temperature circuitry. This is sufficient to completely discharge the 
accessory battery in 24-36 h.. The present procedure is to disconnect 
the accessory line when not in use. 

Solution . Implement a design which will disconnect the accessory 
battery when the keyswltch is in the off position. 


2. Problem . Drift in the armature current sensor causes the PCU to 

command shutdown in the coast mode. The sensor is a Hall-effect device 
which has significant temperature sensitivity. Present procedure is to 
frequently re-set sensor. 

Solution . Replacement of one-turn pots with ten-turn pots has 
improved the re-set frequency. A new circuit, which is less 
temperature sensitive, is still required. 


3. Problem . The on-board battery charger is not being used because of the 
high possibility of failure of the field module transistor with which 
it is integrated. In order to insure that the test program not be 
further interrupted, the current procedure is to use an off-board 
charger exclusively. 

Solution . Develop and install a very high quality transistor in the 
field module which will stand up to the high voltage stress induced 
during the charge mode. 


APPENDIX D 


OUTPUT DATA SAMPLE FROM ETV-1 TESTING 


A sample of the tabulated data output from a dynamometer test is 
presented in order to demonstrate the number and types of data that are 
recorded and analyzed by IDAC^ on every test 4 The example shown is a 
reduced data slice from the acceleration period of a J227a D cycle test with 
the battery at approximately 40% DoD. Because of the magnitude of the data 
channels and column limitations, data output is presented in three groups: 

(1) General Parameters. 

( 2 ) Energy and Power Parameters. 

(3) Voltages, Currents and Temperatures. 

Table D-1 contains the abbreviations used for column headings . 
Included are the equations used for the calculated data. Complete data 
summaries (including some analysis) from all dynamometer and track tests are 
presented in Appendix F. 


Table D-1. Abbreviations for Column Headings 


Column 

The column number, from the left, in which the 
abbreviation occurs. 

Symbol 

The column heading symbol, or abbreviation. 

Plot 

Equals YES if this is a default plot parameter. Note 
that all parameters can be plotted. 

Code 

Equals I if IDAC data; equals C if a calculated 
parameter . 

Description 

Gives a description of column contents, including 
equations if this is a calculated parameter. 


1 


Integrated Data Acquisition and Control System. 
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GENERAL PARAMETERS 


COLUMN 

SYMBOL 

PLOT 

CODE 

DESCRIPTION 

1 

RUN 

No 

I 

Test run number 

2 

EB 

No 

I 

Emission bench number. Equals 0 
for electric-only cars 

3 

TIME 

Yes 

I 

Elapsed time since start of 
recording 

4 

VEL 

Yes 

I 

Vehicle velocity 

5 

BIST 

Yes 

I 

Distance traveled 

6 

HPDYNO 

Yes 

I 

Dyno absorbed power 

7 

HPROAD 

Yes 

C 

Road load powers; = 
HPAERO + HPROLL 

8 

HPIW 

Yes 

I 

Inertia weight power 

9 

HPAERO 

Yes 

C, I 

Aero hp = (VEL/50)^ x hp aero @ 
50 mph if given, else = HPDYNO 

10 

TPOS 

No 

I 

Carburetor throttle position, 
not used 

11 

APOS 

No 

I 

Accelerator pedal position, not 
used 

12 

DSS 

Yes 

I 

Drive shaft or half axle speed 

13 

PBO 

No 

I 

Battery power out, hp 

14 

HPROLL 

Yes 

c 

Rolling load, = RDL50 + 

(RDL15 - RDL50) (VEL-50) 

(15 - 50); 

where RDL50 = rolling load at 
50 mph, lb 

RDL15 = rolling load at 
15 mph, lb 

15 

DTEFF 

Yes 

c 

Drive train efficiency = HPRO 
HPROAD/PBO * 100 

16 

%AERO 

Yes 

c 

HPAERO/HPROAD * 100 

17 

%ROLL 

Yes 

c 

HPROLL/HPROAD * 100 


D-2 


PART 2 


ENERGY AND POWER PARAMETERS 


COLUMN 

SYMBOL 

PLOT 

CODE 

DESCRIPTION 

1 

RUN 

No 

I 

Test run number 

2 

TIME 

Yes 

I 

Elapsed time since start of 
recording 

3 

VEL 

Yes 

I 

Vehicle Velocity 

4 

EBO 

Yes 

I 

Energy out of battery 

5 

EBI 

Yes 

I 

Energy into battery 

6 

EMAI 

Yes 

I 

Energy into motor armature 

7 

EMAO 

Yes 

I 

Energy out of aotor armature 

8 

EMF 

Yes 

I 

Energy into motor field 

9a 

BTAMPO 

No 

I 

Total Ah out of battery 

10a 

BTAMPI 

No 

I 

Total Ah into battery 

11a 

BCHGP 

No 

I 

Charging power into battery 

12 

PBO 

Yes 

I 

Power out of battery 

13 

PBI 

Yes 

I 

Power into battery 

14 

PMAl 

Yes 

I 

Power into motor armature 

15 

PMAO 

Yes 

I 

Power out of motor armature 

16 

PMF 

Yes 

I 

Power into motor field 

17 

MSPD 

Yes 

I 

Electric motor speed 

18 

GRATM 

Yes 

C 

Motor speed/DSS 


a - not operational 


D-3 


PART 3 


VOLTAGES, CURRENTS, AND TEMPERATURES 


COLUMN 

SYMBOL 

PLOT 

CODE 

DESCRIPTION 

1 

RUN 

No 

I 

Test run number 

2 

TIME 

Yes 

I 

Elapsed time since start of 
recording 

3 

VEL 

Yes 

I 

Vehicle velocity 

4a 

BCHGV 

No 

I 

Charging voltage to battery 

5 

BV 

Yes 

1 

Battery voltage 

6 

MAV 

Yes 

I 

Motor armature voltage 

7 

MFV 

Yes 

I 

Motor field voltage 

8 

BCHGA 

No 

I 

Charging current to battery 

9 

BA 

Yes 

I 

Battery current 

10 

MAA 

Yes 

I 

Motor armature current 

11 

MFA 

Yes 

I 

Motor field current 

12 

TBATl 

Yes 

I 

Battery module temperature #1 

13 

TBAT2 

Yes 

I 

Battery module temperature 

14 

TBAT3 

Yes 

I 

Battery module temperature #3 

15 

TBAT4 

Yes 

I 

Battery module temperature //4 

16 

TBAT5 

Yes 

I 

Battery module temperature #5 

17 

TCONT 

Yes 

I 

Controller temperature 

18 

TEMl 

Yes 

I 

Electric motor temperature 
<*1 (external) 

19 

TEM2 

Yes 

I 

Electric motor temperature 
#2 (external) 

20 

TEM3 

Yes 

I 

Electric motor temperature 
#3 (external) 

21 

ABV 

Yes 

I 

Accessory battery voltage 


a - not operational 


D-5 


TABULATED OUTPUT 
Part I General Parameters 


>1 


t 

I 


lOAC 

TAPE Le*i3 


TEST 

NO. 

11 

OAV 217 


10:23:28 

SITE 


lOAC SITE 

= 4 


TAHB = 

72.879 

0E6 F 

PAMB 

: 13.907 PSIA 

TEST DATA 

STAR! 

10:23:33 REL 

HUM : 

***** IN.HGHT. 

= 4000 

. 


RUN 

EB 

TIME 

VEL 

DIST HPDYNO 

HPROAO 

HPIW 

HP AERO 

TPOS 

APOS 

OSS 

PBO 

HPROUL 

OTEFF 

tAERO 

XROLL 




SEC 

MPM 

MI 

HP 

HP 

HP 

HP 

X 

t 

RPM 

HP 

HP 

t 




i 

0 

2175.80 

32.98 

16.850 

2.13 

5.06 

20.13 

1.49 

.0 

.0 

2649.2 

33.06 

3.57 

76.22 

29.49 

70.51 


3 

0 

2175.97 

33.17 

16.852 

2.13 

5.11 

19.14 

1.52 

.0 

.0 

2681.8 

32.38 

3.59 

74,90 

29.72 

70.28 


3 

0 

217t.lH 

33.38 

16.853 

2.18 

5.16 

20.07 

1.55 

.0 

.0 

2680.1 

31.96 

3.61 

78.95 

29.97 

70.03 


3 

0 

2176.31 

33.67 

16.855 

2.19 

5.24 

22.19 

1.59 

.0 

<0 

2719.4 

32.12 

3.65 

85.40 

30.32 

69.68 


3 

0 

2176. <18 

33.85 

16.856 

2.20 

5.28 

21.08 

1.61 

.0 

.0 

2726.3 

32.81 

3.67 

80.35 

30.54 

69.46 


3 

0 

2176.65 

34.09 

16.858 

2.33 

5.35 

21.92 

1.65 

.0 

.0 

2734.9 

33.35 

3.70 

81.75 

30.83 

69.12 


3 

0 

2176.82 

34.32 

16.860 

2.30 

5,41 

22.16 

1.68 

.0 

.0 

2765.7 

33.77 

3.72 

81.63 

31.11 

68.89 


3 

Q 

2176.99 

34.52 

16.861 

2.33 

5.46 

20.86 

1.71 

.0 

.0 

2776.0 

33.82 

3.75 

77.81 

31.35 

68.65 


3 

0 

2177.16 

34.74 

16.863 

2.33 

5.52 

21.55 

1.74 

.0 

.0 

2810.2 

33.90 

3.77 

79.85 

31.62 

68.38 


3 

Q 

2177.33 

35.08 

16.865 

2.36 

5.61 

26.04 

1.80 

.0 

.0 

2810.2 

33.77 

3.81 

93.72 

32.02 

67.98 

o o 

3 

C 

2177.50 

35.24 

16.866 

2.36 

5.65 

22.71 

1.82 

.0 

.0 

2853.0 

33.74 

3.83 

84.06 

32.20 

67.80 

3 

0 

2177.67 

35.43 

16,868 

2.49 

5.71 

21.61 

1.85 

.0 

.0 

2847.9 

33.52 

3.85 

81.49 

32.44 

67.56 

■0 O 

3 

G 

2177.89 

35.61 

16.870 

2.53 

5.75 

19.71 

1.88 

.0 

.0 

2791.4 

33.51 

3.88 

76.01 

32.65 

67.35 

3 

D 

2178. Q1 

35.82 

16.872 

2.51 

5.81 

19.63 

1.91 

.0 

.0 

2842.7 

33.69 

3.90 

75.52 

32.90 

67.10 

O 

3 

Q 

2178.18 

36.04 

16.873 

2.54 

5,87 

20.77 

1.95 

.0 

.0 

2762.3 

33.93 

3.93 

78.52 

33.16 

66.84 

s > 

3 

C 

2178.35 

36.25 

16.876 

2.54 

5.93 

21.58 

1.98 

.0 

.0 

2777.7 

34.25 

3.95 

80.31 

33.41 

66.59 

33 r- 

3 

Q 

2178.52 

36.60 

16.877 

2.58 

6.03 

27,57 

2.04 

.0 

.0 

2767.4 

34.59 

3.99 

97.15 

33.82 

66.18 

•O “0 

> o 

■ j 

3 

3 

C 

Q 

2178.69 

2178.86 

36.79 

36.96 

16.878 

16.880 

2.59 

2.63 

6.08 

6.13 

25.32 

22.45 

2.07 

2.10 

.0 

.0 

.0 

.0 

2806.8 

2799.9 

34.48 

34.22 

4.01 

4.03 

91.07 

83.53 

34.04 

34.24 

65.96 

65.76 

3 

0 

2179.03 

37.13 

16.882 

2.80 

6.18 

20.01 

2.13 

.0 

.0 

2851.3 

34.12 

4,05 

76.75 

34.44 

65.56 

3 

0 

2179.20 

37.30 

16.883 

2.76 

6.23 

18.24 

2.16 

.0 

.0 

2969.5 

33.97 

4.07 

72.05 

34.64 

65.36 

3 

Q 

2179.37 

37.47 

16.885 

2.80 

6.28 

18.07 

2.19 

.0 

.0 

2996.9 

34.08 

4.09 

71.45 

34.84 

65.16 

-< 05 

3 

0 

2179.59 

37.68 

16.887 

2.81 

6.34 

19.75 

2.22 

.0 

.0 

3031.1 

34.09 

4.12 

76.54 

35.08 

64.92 

i 

0 

2179.71 

37.87 

16.889 

2.84 

6.40 

20.41 

2.26 

.0 

.0 

3058.5 

33.92 

4.14 

79.04 

35.30 

64.70 


3 

Q 

2179.88 

38.13 

16.890 

2.91 

6.48 

23.94 

2.31 

.0 

.0 

3061.9 

33.78 

4.17 

90.05 

35.61 

64.39 


3 

0 

2180.05 

38.34 

16.892 

2.95 

6.54 

24.02 

2.34 

.0 

.0 

3087.6 

33.66 

4.20 

90.81 

35.84 

64.16 


3 

0 

2180.22 

38.50 

16.895 

2.96 

6.59 

21.59 

2.37 

.0 

.0 

3091.1 

33.31 

4.22 

84.62 

36.03 

63.97 


3 

0 

2180.39 

38.62 

16.896 

2.99 

6.63 

17.95 

2.40 

.0 

.0 

3115.0 

32.70 

4.23 

75.17 

36.17 

63.83 


3 

Q 

2180.56 

38.76 

36.898 

3.08 

6.67 

15.70 

2.42 

.0 

.0 

3060.2 

32.13 

4.25 

69.63 

36.32 

63.68 


3 

0 

2180.73 

38.90 

16.900 

3.0? 

6.71 

15.07 

2.45 

.0 

.0 

3020.9 

31.56 

4.26 

69.01 

36.48 

63.52 


3 

G 

2180.90 

39.03 

16.901 

3.13 

6.75 

14.75 

2.47 

.0 

.0 

2976.3 

30.86 

4.28 

69.68 

36.63 

63.37 


3 

0 

2181.07 

39.16 

16.903 

3.10 

6.79 

14.97 

2.50 

.0 

.0 

3000.3 

30.4 , 

4.29 

71.43 

36,78 

63.22 


3 

G 

2181. 2<( 

39.32 

16.905 

3.15 

6.84 

16.09 

2.53 

.0 

.0 

3002.0 

31.14 

4.31 

73.64 

36.96 

63.04 


3 

L 

2181. <11 

39.64 

16.909 

3.19 

6.94 

24.10 

2.59 

.0 

.0 

3000.3 

32.50 

4.35 

95.51 

37.32 

62.68 


3 

Q 

2181.58 

39.89 

16.909 

3.20 

7.02 

26.94 

2.64 

.0 

.0 

3053.4 

33.40 

4.38 

100.00 

37.60 

62.40 


3 

0 

2181.75 

40.04 

16.911 

3.21 

7.07 

24.57 

2.67 

.0 

.0 

3053.4 

33.89 

4.40 

93.36 

37.78 

62.22 


3 

0 

2181.92 

40.22 

16.913 

3.26 

7.13 

22.78 

2.71 

.0 

.0 

3051.7 

34.22 

4.42 

87,39 

37.98 

62.02 


3 

Q 

2182.09 

40.39 

16.914 

3.35 

7.18 

20.09 

2.74 

.0 

.0 

3087.6 

34,44 

4.44 

79.19 

38.16 

61.84 


3 

U 

2182.26 

40.58 

16.916 

3.47 

7.24 

20.24 

2.78 

.0 

.0 

3097.9 

34.39 

4.46 

79.91 

38.37 

61.6‘T 


3 

0 

2182. <l3 

40.72 

16.919 

3.49 

7.29 

19.05 

2.81 

.0 

.0 

3185.2 

34.53 

4.48 

76.28 

38.54 

61.46 


3 

0 

2182.60 

40.92 

16.920 

3.48 

7.36 

20.69 

2.85 

.0 

.0 

3276.0 

34.51 

4.50 

81.28 

38.76 

61.24 


3 

0 

2182.77 

41.06 

16.922 

3.46 

7.40 

18.92 

2.88 

.0 

.0 

3298.3 

34.59 

4.52 

76.11 

38.91 

61.09 


i 

Q 

2182.94 

41.25 

16.924 

3.48 

7.46 

19.96 

2.92 

.0 

.0 

3320.5 

34.25 

4.54 

80.08 

39.12 

60.88 


3 

0 

2183.11 

41.39 

16.927 

3.57 

7.51 

18.97 

2.95 

.0 

,0 

3344.5 

33.29 

4.56 

79.54 

39.28 

60.72 


3 

C 

2183.28 

41.53 

16.928 

3.62 

7.56 

17.51 

2.98 

.0 

.0 

3288.0 

32.67 

4.58 

76.72 

39.43 

60.57 


3 

0 

2133.45 

41.65 

16.930 

3.67 

7.60 

16.38 

3.01 

.0 

.0 

3325.7 

31.99 

4.59 

74.95 

39.56 

60.44 


3 

0 

2183.62 

41.77 

16.932 

3.68 

7.64 

14.89 

3.03 

.0 

.0 

3221.2 

31.92 

4.61 

70.55 

39.69 

60.31 


3 

0 

2183.79 

41.93 

16.934 

3.67 

7.69 

16.31 

3.07 

.0 

.0 

3200.7 

31.92 

4.62 

75.18 

39.87 

60.13 


3 

□ 

2183.96 

42.16 

16.936 

3.70 

7.77 

21.27 

3.12 

.0 

.0 

3217.8 

31.55 

4.65 

92.07 

40.12 

59.88 



I 

3 


J 

* 


j 

1 


1 




i 


1 




t 



TABULATED OUTPUT 

Part II Energy and Power Parameters 


IDAC TAPE 

L643 


TEST NO 

. 11 


D*Y 217 

10:23 

:28 

SITE NO. 

= 4.0 

IDAC 

SITE = 

4 



RUN 

tike 

VEL 

EBO 

EB2 

EMAI 

EHAO 

f MF 

OSS 

TXH-IN 

OSTRQ 

PBO 

PBI 

PMAI 

PMAO 

PMF 

MSPD 

GRATM 


SEC 

MPH 

UH 

UH 

UH 

UH 

UH 

RPM 

RPK 

FT-LB 

KU 

KU 

KU 

KU 

KU 

RPM 


3 

2175. B 

32.98 

5026.6 

74C.4 

8703.8 

848.0 

89,4 

2649.2 

149.1 

426.57 

24.65 

.00 

24.02 

.00 

.0828 

2667.2 

1.01 

3 

2176.0 

33.17 

5028.0 

740,4 

8705. 1 

848.0 

69.4 

2681.8 

149.1 

426.57 

24.14 

.00 

23.49 

.DO 

.0866 

2681.2 

1.00 

3 

2176.1 

33.38 

5029.3 

740.4 

8706.8 

846.0 

89,4 

2680.1 

149.1 

426,57 

23.83 

.00 

23.20 

.00 

.0819 

2699.7 

1.01 

3 

2176.3 

33.67 

5030.6 

740.4 

8707.7 

646.0 

89.4 

2719.4 

149.1 

426.57 

23.95 

.00 

23.32 

• 00 

.0812 

2717.5 

1.00 

3 

2176.5 

33.85 

5031.3 

740.4 

8708.3 

848.0 

89,4 

2726.3 

149.1 

426.57 

24.47 

.00 

23.84 

.00 

.0734 

2736.9 

1.00 

3 

2176.6 

34.09 

5032.7 

740.4 

8709.7 

848.0 

89,4 

2734.9 

149.1 

426.57 

24.87 

.00 

24.18 

.GO 

.0744 

2757.8 

1.01 

3 

2176.8 

34.32 

5038.1 

740,4 

8711.0 

848.0 

89.4 

2765.7 

149.1 

426.57 

25.18 

.00 

24.49 

• DO 

.0747 

2775.6 

1.00 

3 

2177.0 

34.52 

5038.8 

740.4 

8711.7 

848.0 

89,4 

2776.0 

149.1 

426.57 

25.22 

.00 

24.56 

.00 

.0703 

2795.3 

1.01 

3 

2177.2 

34.74 

5036.2 

740,4 

8713.1 

848,0 

89.5 

2810.2 

149.1 

426.57 

25.38 

.00 

24 .62 

.00 

.0691 

2812.5 

1.00 

3 

2177.3 

35.08 

5037.6 

740^4 

8718.8 

846,0 

89.5 

2810.2 

149.1 

426.57 

25.18 

.00 

24.52 

.00 

.0694 

2830.3 

1.01 

3 

2177.5 

35.24 

5038.3 

740.4 

8715.1 

648,0 

89,5 

2853.0 

149.1 

426.57 

25.16 

.00 

24.51 

.00 

.0687 

2847.2 

1.00 

3 

2177.7 

35.43 

5039.7 

740.4 

8716.5 

848,0 

89.5 

2847.9 

149.1 

426.57 

24.99 

.00 

24.32 

.00 

.0666 

2864.1 

1.01 

3 

2177.8 

35.61 

5081.0 

740,4 

8717.8 

848,0 

89.5 

2791.4 

149.1 

426.57 

24.99 

.00 

24.34 

• 00 

.0631 

2881.2 

1.03 

3 

2178.0 

35.82 

5082.8 

74C.4 

8719.2 

846.0 

89.5 

2842.7 

149.1 

426.57 

25.12 

.00 

24.46 

• 00 

.0603 

2899.7 

1.02 

3 

2178.2 

36.04 

5083.1 

740,4 

8719.9 

848.0 

89,5 

2762.3 

149.1 

426.57 

25.30 

.00 

24.62 

.00 

.0625 

2916.2 

1.06 

3 

2178.3 

36.25 

5088.6 

740,4 

8721.3 

848.0 

89,5 

2777.7 

149.1 

426.57 

25.54 

.00 

24.88 

• 00 

.0597 

2935.6 

1.06 

3 

2178.5 

36. 6C 

5086 . 0 

740.4 

8722.6 

848,0 

89,5 

2767.4 

149.1 

426.57 

25.79 

.00 

25.11 

• 00 

.0609 

2952.5 

1.07 

3 

2178.7 

36.79 

5086.7 

740.4 

8723.3 

848.0 

89.5 

2806.8 

149.1 

426.57 

25.71 

.00 

25.06 

• 00 

.0566 

2970.3 

1.06 

3 

2178.9 

36.96 

5088.1 

740,4 

8728.7 

848,0 

69,5 

2799.9 

149.1 

426.57 

25.52 

.00 

24.87 

.00 

.0561 

2985.3 

1.07 

3 

2179.0 

37,13 

5089.5 

740,4 

8726.1 

848,0 

69.5 

2851.3 

149.1 

426.57 

25.44 

.00 

24.80 

• 00 

.0576 

3002.2 

1.05 

3 

2179.2 

37.30 

5050.2 

740,4 

8726.8 

848.0 

89.5 

2969.5 

149.1 

426.57 

25.33 

.00 

24.69 

• 00 

.0531 

3016.6 

1.02 

3 

2179.8 

37.47 

5051.7 

740,4 

8728.2 

848.0 

89.5 

2996.9 

149.1 

426.57 

25.41 

.00 

24.76 

• 00 

.0553 

3033.4 

1.01 

3 

2179.5 

37.68 

5053.1 

740.4 

8729.5 

848.0 

69,5 

3031.1 

149.1 

426.57 

25.42 

.00 

24.75 

• 00 

.0547 

3050.0 

1.01 

3 

2179.7 

37.87 

5058.5 

740.4 

8730.9 

848.0 

89.5 

3058.5 

149.1 

426.57 

25.29 

.00 

24.66 

• 00 

.0541 

3065.0 

1.00 

3 

2179.9 

38.13 

5055.2 

740,4 

8731.6 

846,0 

89-,5 

3061.9 

149.1 

426.57 

25.19 

.00 

24.56 

• 00 

.0537 

3080.9 

1.01 

3 

2180.0 

36.34 

5056.6 

740,4 

8733.0 

648,0 

89.5 

3087.6 

149.1 

426.57 

25.10 

.00 

24.47 

• 00 

.0513 

3095.0 

1.00 

3 

2180.2 

38.50 

5058.0 

740,4 

8738.3 

848,0 

69.5 

3091.1 

149.1 

426.57 

24.84 

.00 

24.19 

• 00 

.0528 

3110.0 

1.01 

3 

2180.8 

38.62 

5058.6 

74G.4 

8735.0 

848.0 

89.5 

3115.0 

149.1 

426.57 

24.38 

.00 

23.75 

.00 

.0509 

3122.2 

1.00 

3 

2180.6 

38.76 

5060.0 

740.4 

8736.3 

848.0 

89.5 

3060.2 

149.1 

426.57 

23.96 

.00 

23.32 

.00 

.0534 

3135.0 

1.02 

3 

2180.7 

38.90 

5061.3 

74C,4 

8737.6 

848,0 

89,5 

3020.9 

149.1 

426.57 

23.54 

.00 

22.92 

.00 

.0534 

3147.8 

1.04 

3 

2180.9 

39.03 

5061.9 

740.4 

8738.2 

648.0 

69,5 

2976.3 

149.1 

426.57 

23.01 

.00 

22.62 

.GO 

.0525 

3158.4 

1.06 

3 

2181.1 

39.16 

5063.2 

740.4 

8739.8 

848,0 

89.5 

3000.3 

149.1 

426.57 

22.72 

.00 

22.17 

.00 

.0481 

3170.3 

1.06 

3 

2181.2 

39.32 

5068.5 

740.4 

8780.7 

846,0 

89,5 

3002.0 

149.1 

426.57 

23.22 

.00 

22.62 

• 00 

.0462 

3185.6 

1.06 

3 

2181.8 

39.64 

5065.8 

740.4 

8782.0 

846.0 

89.5 

3000.3 

149.1 

426.57 

24.24 

.00 

23.59 

.00 

.0475 

3202.5 

1.07 

3 

2181.6 

39.89 

5066. 5 

74C.4 

8782.6 

848,0 

89.5 

3053.4 

149.1 

426.57 

24.91 

.00 

24.27 

.00 

.0453 

3219.7 

1.05 

3 

21bl.7 

40,04 

5067.9 

74C.4 

8788.0 

848.0 

89,5 

3053.4 

149.1 

426.57 

25.27 

.00 

24.64 

• DO 

.0444 

3236.2 

1.36 

3 

2181.9 

40.22 

5069.3 

740.4 

8785.8 

848.0 

89,5 

3051.7 

149.1 

426.57 

25.52 

.00 

24.91 

• CD 

.0422 

3252.2 

1.07 

3 

2182.1 

40.39 

5070.0 

740,4 

8786.1 

848,0 

89.5 

3087.6 

149.1 

426.57 

25.68 

.00 

25.01 

• CO 

.0434 

3266.9 

1.06 

3 

2182.3 

40.58 

5071.5 

740,4 

8787.5 

846.0 

89,5 

3097.9 

149.1 

426.57 

25.64 

.00 

24.99 

• 00 

.0422 

3280.9 

1.06 

3 

2182.8 

40.72 

5072.9 

740.4 

8788.9 

848.0 

69.5 

3185.2 

149.1 

426.57 

25.75 

.00 

25.11 

• 02 

.0422 

3295.6 

1.03 

3 

2182.6 

40.92 

5073.6 

740,4 

8789.5 

848.0 

89.5 

3276.0 

149.1 

426.57 

25.73 

. yo 

25.07 

• GO 

.0416 

3309.4 

1.01 

3 

2182.8 

41.06 

5075.0 

740,4 

8750.9 

848.0 

89.5 

3298.3 

149.1 

426.57 

25.79 

. yc 

25.14 

• 00 

.0412 

3324.4 

1.01 

3 

2182.9 

41.25 

5076.5 

740.4 

8752.3 

848.0 

89.5 

3320.5 

149.1 

426.57 

25.54 

.00 

24.92 

• 00 

.0400 

3336.9 

1 .00 

3 

2183.1 

41.39 

5077. 9 

740,4 

8753.7 

648.0 

89.5 

3344.5 

149.1 

426.57 

24.82 

.00 

24.21 

• CO 

.0426 

3348.4 

1.00 

3 

2183.3 

41.53 

5078.5 

740.4 

8758.8 

848.0 

89.5 

3288.0 

149.1 

426.57 

24.36 

.00 

23>77 

• 01 

.0422 

3360.0 

1.02 

3 

2183.8 

41.65 

5079.9 

740.4 

8755.7 

848,0 

89.5 

3325.7 

149.1 

426.57 

23.86 

.00 

23.25 

• 00 

.0403 

3370.0 

1.01 

3 

218 3.6 

41.77 

5081.2 

740.4 

8756.9 

848,0 

69.5 

3221.2 

149.1 

426.57 

23.81 

.00 

23.17 

• 00 

.0412 

3362.2 

1.05 

3 

2183.8 

41.93 

5081.8 

740.4 

8757.6 

848.0 

89.5 

3200.7 

149.1 

426.57 

23.81 

.00 

23.21 

.00 

.0409 

3393.7 

1.06 

3 

2188.0 

42.16 

5083.2 

740,4 

8758.9 

848.0 

89.5 

3217.8 

149.1 

426.57 

23.52 

.00 

22.94 

.00 

.0394 

3404.7 

1.06 
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TEST NO. 

11 


DAV 

217 

10:23:28 

SITE NO.: 

:8,D 

IDAC 

SITE: 

4 



RUN 

TIME 

VEL 

BCHBV 

BV 

MAV 

HFV 

SCMGA 

BA 

HAA 

MFA 

TBATl 

TBAT2 

TBAT3 

TBAT8 

TBAT5 

TCONT 

TEHl 

TEH2 

TEM3 ABV 


SEC 

MPH 

VOLT 

VOLT 

VOLT 

volt 

AMP 

AMP 

AMP 

AMP 

DEGF 

OEGF 

DEGF 

OEGF 

OEGF 

DEGF 

DEGF 

DEGF 

DEGF VOLT 

3 

2575.8 

32.98 

97,2 

96.0 

95.9 

19 .'3 

.1 

257.9 

250.9 

8.17 

77.8 

77.1 

78. 1 

78.8 

78,5 

69.2 

99.5 

113.1 

189.1826.57 

3 

2176. J 

33.17 

97.6 

96.8 

96.4 

20.1 

.1 

250.6 

288.1 

8.15 

77.4 

77.2 

78.2 

78.7 

78,7 

69.2 

99.6 

112.9 

189.1826.57 

3 

2176.1 

33.38 

97.7 

96.7 

96.8 

19.5 

• 1 

286.6 

280.6 

8.11 

77.8 

77.3 

78.1 

78.7 

78.6 

69.1 

99. e 

112.6 

189.1826.57 

3 

2176.3 

33.67 

97.8 

96 . a 

96.7 

18.9 

.1 

286.0 

280.7 

8.05 

77.5 

77.2 

78.2 

78.7 

78.7 

69.2 

99.6 

113.8 

189.1826.57 

3 

2176.5 

33.85 

97.5 

96.6 

96,5 

18.2 

. 1 

252.5 

287.9 

3.97 

77.3 

77.1 

78.3 

78.6 

78.5 

69.1 

99.6 

113.8 

189. 1826.57 

3 

2176.6 

39.09 

97.3 

96,3 

96.1 

18.9 

.1 

258.7 

253.6 

3.66 

77.2 

77.2 

78.1 

76.8 

78.6 

69.2 

99.6 

113.5 

189. 1826.57 

5 

2176.8 

39.32 

97.1 

96.1 

95.9 

18.7 

. 1 

261,8 

256.7 

3.85 

77.5 

77.2 

78. 2 

78.8 

78.5 

69.2 

99.6 

U3.0 

189,1826.57 

3 

2177. Q 

39.52 

97,0 

96.0 

95.8 

18.2 

. 1 

262.8 

257.5 

3. 80 

77.8 

77.1 

78.2 

78.8 

78.6 

69.1 

99.7 

113.1 

189,1826.57 

3 

2177.2 

39.79 

97.0 

96.0 

95.8 

18.3 

.1 

263.8 

258.8 

3.76 

77.8 

77.3 

78.1 

78.8 

78.7 

69.1 

99.7 

112.9 

189.1826.57 

3 

2177.3 

35.08 

97.0 

95.9 

95.7 

18.3 

.1 

263.9 

258.1 

3.75 

77.3 

77.3 

78.1 

78.7 

78.6 

69.2 

99.7 

113.8 

189.1826.57 

3 

2177.5 

35.29 

97.1 

96.0 

95.9 

17.8 

. 1 

261.2 

255.5 

3.70 

77.3 

77.2 

78.2 

78.7 

78.6 

69.1 

99.7 

113.7 

189. 1826.57 

3 

2177.7 

35.93 

97.1 

96 . 0 

95.9 

17.8 

.1 

260.9 

255.1 

3.68 

77.8 

77.3 

78.2 

78.7 

78.6 

69.2 

99.6 

113.8 

189. 182i .57 

3 

2177.8 

35.61 

97.2 

96.1 

95,9 

17.3 

. 1 

259.8 

258.2 

3.65 

77.2 

77.2 

78.2 

78. B 

78.6 

69.1 

99.5 

113.2 

189.1826.57 

3 

2178.0 

35.82 

97.1 

96.0 

95,9 

16.8 

. 1 

261.0 

255.8 

3. 60 

77.8 

77.2 

78.1 

78.8 

78.5 

69.1 

99.5 

113.1 

189.1826.57 

3 

2178.2 

36.09 

97. Q 

96.0 

95,8 

17.5 

. 1 

268.0 

258,8 

3. 55 

77.5 

77.2 

78.1 

76.7 

78.7 

69.1 

99.8 

113.0 

189.1826.57 

3 

2178.3 

36.25 

96.6 

95.8 

95.6 

17.0 

.1 

267, l‘ 

262.1 

3.50 

77.3 

77.2 

78.1 

78.7 

78.7 

69.1 

99.7 

112.8 

189.1826.57 

3 

2178.5 

36.60 

96.7 

95.7 

95,5 

17.1 

. I 

269.2 

268.0 

3.86 

77.8 

77.2 

78,1 

76.7 

78.6 

69.2 

99.7 

113.6 

189.1826.57 

3 

2178.7 

36.79 

96.7 

95.7 

95.4 

16.6 


269.2 

26 3.8 

3.85 

77.3 

77.3 

78.3 

78.6 

78.6 

69.2 

99.7 

113.9 

189. 1826.57 

3 

2178.9 

36.96 

96.7 

95.6 

95. 5 

16.6 

.1 

267.3 

261.2 

3.82 

77.3 

77.3 

78. 3 

78.7 

78.6 

69,1 

99. S 

113.5 

189.1826.57 

3 

2179.0 

37.13 

96.8 

95.8 

95,6 

16.3 

• 1 

265.7 

260.1 

3.80 

77.3 

77.1 

78.1 

76.7 

78.5 

69.1 

99.6 

113.8 

189.1826.57 

3 

21 ’O. 2 

37.30 

96.9 

95. B 

95. 6 

16.8 

.1 

265.2 

2S9.7 

3.37 

77.8 

77.1 

76.2 

78.9 

78.6 

69.1 

99,6 

113.8 

189.1826.57 

3 

2179.9 

37.97 

96.9 

95.9 

95,7 

16.2 

• 1 

265.0 

259,7 

3.38 

77.6 

77.2 

78.2 

78.8 

78.7 

69.1 

99.6 

113.2 

189.1826.57 

3 

2179.5 

37.68 

96.9 

95.8 

95,6 

16.2 

. 1 

265.2 

259.8 

3.31 

77.8 

77.2 

78.2 

78.8 

78.7 

69.1 

99.9 

113.1 

189.1826.57 

3 

2179.7 

37.87 

96.9 

95, 8 

95,6 

16.2 

.1 

268.8 

259.2 

3.28 

77.3 

77.3 

76, 1 

78.7 

78.7 

69.0 

99.8 

112.9 

189. 1826.57 

3 

2179.9 

38.13 

97.0 

95.9 

95,7 

15.8 

,1 

262.8 

256.9 

3.26 

77.3 

77.3 

78.2 

78.7 

78.6 

69.1 

99.7 

113.1 

189.1826.57 

3 

2180. D 

38.39 

97.0 

95.9 

95.7 

15.8 

• 1 

262.1 

256.5 

3.23 

77.3 

77.2 

78.2 

78.7 

78,6 

69.2 

99,6 

118. U 

J89. 1826.57 

3 

2180.2 

38.50 

97.1 

96.0 

95.9 

15.9 

.1 

259.2 

253.2 

3.22 

77.5 

77.3 

78.3 

78.7 

78.6 

69.1 

99.7 

113.9 

l**9-m26.S7 

3 

2180.9 

38.62 

97.3 

96.2 

96,1 

IS. 9 

.1 

258.5 

288,3 

3.22 

77.3 

77.2 

78.2 

78.7 

78.6 

69.1 

99.6 

113.5 

189. 1826.57 

3 

2180,6 

38.76 

97.6 

96.5 

96.4 

16.0 


288.6 

282.6 

3.20 

77.8 

77.2 

78.2 

78.8 

78.6 

69.0 

99.7 

113.3 

189. 1826.57 

3 

2180.7 

38.90 

97,8 

96 . 7 

96.7 

15.8 

.1 

283.8 

237.7 

3.21 

77.8 

77.3 

76.1 

78.7 

78.6 

69,2 

99.6 

113.1 

189. ,1826.57 

3 

2180.9 

39.03 

98.0 

96.8 

96.9 

15.8 

• 1 

238.3 

232.1 

3.21 

77.8 

77.2 

78.1 

78.7 

78.6 

69.1 

99.7 

113.2 

149.1826.57 

3 

2181.1 

39.16 

98.3 

97,2 

97.2 

18.7 

.1 

233.1 

227.8 

3.21 

77.8 

77.3 

78.1 

78. 7 

78.8 

69,2 

99.8 

113. u 

189.1826.57 

3 

2181.2 

39.32 

98. 1 

97.2 

97.1 

18.8 

.1 

237.8 

233.5 

3.15 

77.8 

77.3 

78.2 

78. S 

78.7 

69.2 

99.7 

113.1 

189.1826.57 

3 

2181.9 

39.69 

97.6 

96.7 

96.5 

18.8 

.1 

289.6 

286 .0 

3.05 

77.8 

77.2 

78.1 

78.7 

,5 

69,1 

99.6 

113.6 

189.1826.57 

3 

2181.6 

39.89 

97.1 

96,2 

96.0 

18.6 

. 1 

258.5 

258.0 

3.03 

77.5 

77.2 

78.2 

78.7 

78.7 

69.3 

99.7 

118.1 

189,1826,57 

3 

2181.7 

90.09 

96.9 

95.9 

95.8 

18.5 

. 1 

263.3 

258.6 

3.00 

77.3 

77.3 

78.3 

78.7 

78.7 

69.1 

99.6 

113.9 

189.1426.57 

3 

2181.9 

90.22 

96.8 

95.8 

95.7 

13.9 

.1 

265.1 

260.1 

2.99 

77.3 

77.2 

78.2 

78.7 

78.7 

69.2 

99,7 

113.5 

189. 1826. 57 

3 

2182.1 

90.39 

96.7 

95,6 

95.4 

18.8 

.1 

268.9 

263.7 

2,95 

77.3 

77.3 

78.3 

78.7 

78.6 

69.2 

99.7 

113.9 

189.1826.57 

3 

2182.3 

90.58 

96.7 

95.6 

95.4 

18.5 

.1 

266,8 

263,8 

2.93 

77.3 

77.1 

78.2 

76.7 

78.6 

69.0 

99.5 

113.6 

189.1826.57 

3 

2162.9 

90,72 

96.7 

95.6 

95-4 

18,8 


269.5 

268.3 

2.91 

77.3 

77.2 

78.2 

78.9 

78.6 

69.1 

99.6 

113.6 

189.1826.57 

3 

2182.6 

90.92 

96.7 

95.6 

95.4 

18,5 

• 1 

269.5 

268.3 

2.88 

77.5 

77.2 

78.2 

78.9 

78.6 

69.1 

99,6 

113.8 

189.1826.57 

3 

2182.8 

91.06 

96.7 

95.6 

95.4 

18.0 


269.0 

263.9 

2.87 

77.6 

77,2 

76.2 

78.7 

78.6 

69.2 

99.6 

113.5 

189,1826.57 

3 

2182.9 

91.25 

96.6 

95.5 

95.3 

18.1 

.1 

266.8 

262.7 

2.87 

77.5 

77.3 

78.2 

78,7 

78.6 

69.2 

99.7 

113.2 

189.1826.57 

3 

2183. 1 

91.39 

97.0 

95.7 

95.6 

18.3 

• 1 

260.5 

258.0 

2,89 

77.8 

77.2 

78.1 

78.7 

78.5 

69.1 

99.9 

113.3 

189.1826.57 

3 

2183.3 

91.53 

97.3 

96.2 

96.2 

18.1 

• 1 

252.5 

286.5 

2.87 

7-'.8 

77.3 

78.2 

78.7 

78.7 

69.1 

99.8 

113.3 

189. 1826.57 

3 

2183.9 

91.65 

97.6 

96.5 

96.4 

18.2 

. 2 

287.7 

282.0 

2.88 

77.8 

77.8 

78.1 

78,8 

78.7 

69.1 

99,7 

113.1 

189.1826.57 

3 

2183.6 

91.77 

97.7 

96.7 

96.6 

18.2 

.1 

286.3 

281.2 

2.85 

77.8 

77.3 

76, 1 

78.8 

78.8 

69.2 

99.8 

113.1 

189.1826.57 

3 

2183. 8 

91.93 

97.6 

96.6 

96.5 

18.0 

.1 

286.2 

281.1 

2.88 

77.5 

77.8 

78.1 

78.8 

78.7 

69.1 

99.6 

113.1 

189.1826.57 

3 

2189.0 

92.16 

97.7 

96.6 

96.5 

13.9 

.2 

288.8 

238.7 

2.85 

77,8 

77.2 

78.1 

78.7 

78.7 

69.1 

99.7 

113.5 

189.1826.57 


o 

-n 

-D 
O 
O 

lO -u’ 

c ?- 
> o 


-< VsJ 


} 

o 

V 

Sx 


ORIGINAL 



APPEND7.X E 

Eri^-1 AD-HOC BATTERY WORKING GROUP 


i 

f 


The purpose of the ETV-1 Aiz-Hoc Battery Working Group was to 
investigate the causes for the differences in ETV-1 range reported by General 
Electric before delivery and that observed during the Phase III testing at 
JPL* The group was made up of representatives from JPL, Johnson Controls 
(Globe Battery Division) j General Electric (Corporate Research and 
Development), NASA's Lewis Research Center, and the Argonne National 
Laboratory . 

The first meeting convened at JPL on January 20, 1981. The approach 
adopted for these investigations was to review the details of the GE/Chrysler 
and JPL test procedures and results, identify the sources of variance, and 
then focus attention on the performance of the two series of battery modules 
involved (Globe EV2-13's and EVIOOO prototypes). 

These discussions resulted in the need for some special tests and 
detailed analysis. Representative battery modules from the two series were 
located and baselined (at Globe and JPL) and subjected to very carefully 
determined ETV-1 power profiles under laboratory conditions.^ Of particular 
interest (and first-order significance) was the battery electrolyte temperature 
under which the Chelsea (Chrysler Proving Grounds) test had been run. Since 
there had been no significant on-board instrumentation, this vital information 
had to be estimated by inference. The Chelsea charge profile had been 
documented but was open to some question. Nevertheless, several duplicate 
charge profiles were performed on a similar EV2-13 battery pack at JPL (over 
two years old) in the hope that it might produce the same temperature/charge 
characteristic. Unfortunately, significant antimony transfer over the years 
allowed a thermal run-away condition during this duplicate non-compensated 
charge and little useful information could be extracted. 

The Lewis Research Center also performed several ETV-1 profiles on 
their Road Load Simulator in order to quantify the difference in net cycle 
energy between the Chelsea track and JPL dyno test profiles. 

The second and final group meeting was held at the Argonne National 
Laboratory on June 9, 1981. The purpose of this gathering was to review the 
results of the various test activities assigned at the previous meeting, and 
to arrive at an understanding regarding the vehicle and battery subsystem 
operation during the two vehicle test series. The group consensus, as listed 
in the text, provides a reasonable explanation for the range differences and 
points out that reporting EV range has questional value because of the many 
arbitrary operational parameters which have first order effects on the results. 


^Power profiles were developed from JPL-generated dyno data and were pro- 
grammed into the battery cycler at Argonne 's National Battery Test Laboratory. 
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DYNAMOMETER AND TRACK TEST SUMMARIES 


The following tabular sunnnary presents the individual results from all 
the dynamometer and track testing performed in support of the final ETV-1 
testing phase at JPL. As indicated in the text, three different battery packs 
were installed in the vehicle during the course of this testing. The Globe 
EV2-13 battery was developed under the ETV-1 contract and was delivered with 
the vehicle in 1979. The EVlOOOA battery was a pre-production prototype of 
the commercial EV2-13. The EVIOOOB was the first EV2-13 built by the Globe 
production division with the commercial name EVIQOO. The EVlOOOA was 
installed during the bulk of the- dynamometer testing. IThe EVIOOOB was 
installed for the track testing but was characterized on the dynamometer prior 
to leaving for the track. 

Controller efficiency was here defined to be simply the sum of the 
armature input and field energies divided by the battery output energy. 

Battery recharge efficiencies are the battery output energy or amperage 
divided by the respective recharge values. 
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(MINUTES) 

N.A. 

N.A. 

N.A. 

N.A. 

N.A, 

N.A. 

N.A. 

N.A. 

battery discharge 
energy (K«H) 

1R.70U 

1B.35U 

17.35U 

1«.510 

13.1160 

5.360 

1U.320 

13.R60 

battery regee. 
energy (KWH) 

0.050U 

1 . b 7 U 0 

0.030U 

2.0300 

1.8300 

O.BSDO 

0.0600 

0.0500 

battery regen. 
energy (XI 

0.3P 

13.5 

0.17 

13. R 

13.6 

15.85 

0.02 

0.36 

battery discharge 

(AMP - HOURS) 

O.UU 

1E5.25 

166.35 

1 P'7.55 

136.80 

51.80 

158,55 

135.15 

BATTERY WEGEN. 
(AMP - HOURS) 

O.oOtJ 

lu. 1 

0.300 

17.1 

15.3 

1 .200 

0.500 

0.500 

BATTERY T.EGEN. 
amperage (X) 

U.uP 

11.3 

0.18 

11.58 

11.18 

2.32 

0.36 

0.37 

ARMATURE IIPUT 
energy (K"H) 

li.BUU 

1 l.SBii 

I5,7b0 

15.600 

12,580 

6,620 

13,060 

13.180 

ARMATURE RFGEN. 
OUTPUT (K-iHl 

O.Oo'ifc 

J .R«(MI 

il.uROO 

2,3500 

2.1300 

1.1100 

0.0600 

0.0600 

ARMATURE REGtn. 
OUTPUT (X) 

U.U3 

16.75 

0.25 

17.22 

16.93 

2U.02 

0.05 

0.06 

FIELD energy (krh) 

U.OSRU 

(U?075 

0.2200 

0.2520 

0.2280 

(1.3180 

0.0570 

0.5600 

CONfKfii l£R 
efficiency (X) 

RP.BS 

95, iU 

V2.22 

R5.7U 

95.16 

92.13 

90.39 

98,02 
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UOnMETER 
RaAOiNG ('•tILESJ 

b311 ,y 

63Sa.U 

bl|i7.0 

b5«0.0 

6592.0 

6637.0 

6659,0 

6791.0 

BATTtRV StCHAHGt 
ENERGY EFFICIEhCY tt) 

52.60 

S6,Ut> 

o5.77 

bS.72 

60.03 

N.A. 

62.39 

61.97 

BATTERY hECHARGE 
amperage EFFICIENCYTXJ 

-■' ? A . 

7b. 59 

7«.ia 

63.75 

82.90 

N.A. 

76.06 

75.99 

BATTERY TEF'P. 
BEFORE (deg F) 

7JI.0 

71. B 

7«,8 

79.0 

73.6 

73.6 

72.2 

69.6 

BATTERY TEMP, 
after (OEG F) 

7B.R 

6b. li 

B3.U 

90,0 

90. S 

89.0 

65.2 

69.6 


3ZSS8SSSSSSSS: 

M 

tl 

II 

II 

II 

II 

II 

n 

II 

N 

H 

M 

•1 

It 

It 

It 

M 

II 

It 

II 

It 

II 

II 

II 

H 

II 

It 

11 

II 

It 

tt 

II 

u 

rsasssssss 

:8aaarasa 


» COMMENTS 
TEST 

Ml. 

’6i 

track 

TEST 

AT 

TRC - VEHICLE 

weight 

a 

9030 L8 




TEST 

(*iU. 

771 

TRACK 

test 

AT 

TPC - VEHICLE 

WEIGHT 

a 

U030LBS 




TEST 

NO, 

76 1 

TRACK 

TEST 

AT 

TRC - VEHICLE 

WEIGHI 

a 

90J0 LB. 

pretest charge to nominal 90* AH OVERCHARGE 

(IE 

2HR ♦ lOHR) 

TEST 

MO. 

79| 

TPACK 

TEST 

AT 

TPC - VEHICLE 

weighi 

a 

9030 LB. 

PRETEST CHARGE TO NOMINAL 30* AM OVERCHARGE 

(It 

2HH * 6MR) 

TEST 

NO. 

BUt 

TRACK 

TEST 

AT 

THC - VF.MICLE 

WEIGHT 

s 

9036 L8 




TEST 

NQ. 

811 

TNVALlO RANGE 

TEST - 00 opened, TRACK 

TEST at 

TRC - vehicle weight » 9050 LB 



TEST 

r.U, 

82! 

TRACK 

lEST 

AT 

TPC - vehicle 

weight 

a 

9U3C LB 




TEST 

NO. 

b6i 

track 

TEST 

AT 

TPC - VEHICLE 

WEIGHT 

a 

9030 LB 
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ETV-l test data summary 


TEST NUMRcMS 

3SS3S3S:=XS3SZSXSSSC 

TEST DATf 

S8S6SSSSSCSSS 

Ob/tfl/Bl 

65 

CXSSSSSSSS8 

rjb/lQ/ei 

86 

XZXIXXZXXXXXS 

06/20/81 

87 

SXXSSXSXSE33S 

06/21/81 

88 

XXSBXS3XXXKX 

00/25/81 

89 90 91 

07/06/Bi 07/10/81 07/13/81 

TEST TYPE 


35»'PH 

55MPH 

55MPH 

FTP 

FTP 

FTP 

U5HPH 

BATTERY TYPE 

Pb-A 

PB-A 

PB>A 

P8-A 

PB>A 

PB»A 

Pb>A 

PB-A 

BATTERY- 

EV-ioyoB 

tV-tOOOB 

tv-mooB 

EV-IOOOB 

EV-10008 

EV-IOOOB 

EV»1000B 

EVxlOOOB 

BATTERY energy 
ECONOMY (MI/KnH) 

«.5I 

S.Rb 

o.uu 

0.52 

2.95 

N.A. 

2.96 

5.68 

range (MILES} 

Bl.5« 

RB.Sil 

53. U6 

51.97 

44.23 

41.18 

38.60 

95.35 

ELAPSED time 
(MINUTES) 

N.A. 

N.A. 

N.A, 

N.A. 

N.A,, 

N.A. 

N.A. 

N • A ■ 

BATTERY DISCHARGE 
energy (nxH) 

U.R20 

Ib.SflO 

I2.0b0 

I 1 .500 

14,970 

N.A, 

13.090 

16,790 

battery REGENi 
energy (arh) 

D.UhVO 

0.1/200 

1 .oRoo 

U.06UU 

2.4300 

N.A. 

2.0600 

0.0600 

battery PEGEM. 

ENERGY (X) 

C.70 

0.12 

0.90 

0,70 

16.23 

o.uu 

IS. 7 

0,36 

battery discharge 

(AMP • HOURS) 

111.70 

1b(I,55 

117.90 

111.70 

158.20 

N.A. 

136.70 

162.25 

BATTERY REGEN. 
(AMP - HriUWS) 

0.750 

0.200 

0.800 

0.700 

20.100 

N.A. 

17.100 

0.500 

battery REi.EN, 
amperage vL) 

D . o 7 

0.12 

0.68 

0.03 

12.70 

o.ou 

12.5 

0,31 

armature input 

ENERGY (aah) 

to.oui 

1U.R3U 

1 1.600 

10,940 

13.040 

11.920 

11.520 

15,800 

ARMATJDE RFGEn, 
UUTPUT (A*m) 

(1.1 (HMI 

(..'lion 

0 . 1 0 u 0 

0.0900 

3.0700 

2.7600 

2.5600 

0.0700 

ARMATURE «fG£N. 
OUTPUT (1) 

M.Rl 

0.20 

0.86 

0.02 

23.54 

23.15 

22.39 

0.44 

FIELD Energy (a«m) 


0.2155 

0 .V^^30 

U.OIBO 

0.9320 

0,8985 

0.7900 

0,0690 

COnTPULLER 
efficiency (S) 

Vf.»,00 

RO.iO 

w.b/i 

95.29 

93.33 

N.A. 

94.04 

94.51 
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OOOHEIfR 


HEAOiNfi 

CHILESl 


SB15.0 


SRbb.O 

697U.0 


7039.0 

71C5.0 

7188,0 

7232.0 

7279,0 

BAVTEHy 

ENERGy 

recharge 

EFFlCIENCY(t) 

57.3b 



66. OR 

58.70 


58.15 

66 a 69 

N.A. 

63.39 

60,53 

BATTERY recharge 
amperage EFFICIENCY(X) 

71.66 



78. «3 

73.11 


72.17 

86,59 

N.A, 

79,66 

N.A. 

BATTERY 

BEFORE 

TEMP 

(OEG 

. 

F) 


66. h 


71 

.8 

7a.R 


72.6 

75.4 

76,0 

74,6 

87.4 

BATTERY TEMP 
AFTER (OEG E 

J 


7fa.a 75. tt 85,0 

:=ssss«ssssssssssssssssaSs««ssss 

62.8 92.2 *>0,8 91,2 95. « 

SSCSS3eSSS«S9SSrC£Ba*«KS»CSaK'B«Sa»aKacSSS*BaB«BSS>S««BSBBBa9SB 

COMMENTS 

TEST 

MU. 

Utit 

TRACK 

test AT 

TRC 


vehicle 

WEIGHT a 

R030 

L6 





TEST 

NO, 

651 

track 

test at 

THC 


VEHICLE 

WEIGHT = 

0030 

L6 





TEST 

NO. 

861 

track 

TEST AT 

THC 


VEHICLE 

WEIGHT a 

4030 

U8 





TEST 

NO. 

87j 

track 

test at 

TRC 


VEHiCl.C 

weight a 

4030 

L8 





TEST 

NO. 

R8| 

track 

TEST at 

TRC 


VEHICLE. 

weight a 

403(1 

LB - high 

winds, controller erratic 



TEST 

NO. 

89; 

track 

test at 

TRC 


vehicle 

weight a 

4030 

LS 





TEST 

NO, 

901 

TRACK 

TEST AT 

TRC 


vehicle 

weight a 

4030 

LB 





TEST 

NO. 

9U 

track 

TEST. DIAGMOSTIC TEST 

ONLV .preparation for GE 

LOOK alike 

D» vehicle height ■ 3780 

LBS 



§s 

cS? 


— 
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f. 

T V - 1 . T 

E S T PA 

T A SUM 

MARY 


TEST NiiyBEKS 

RE 

93 

90 

95 

96 

TEST DATE 

U7/I «/Bl 

07/15/Sl 

zssssssszssz 

U7/lb/Bt 

07/18/8) 

sssszcsssmKss 

09/09/81 

TEST TYPE 

Gt-D 

aSHPM 

GE-D 

D 

OSMRH 

pattest TVPf. 

PH-A 

PH-A 

PB-A 

PB-A 

PB-A 

battery 

hV*li)uUP 

EV-lUUOfi 

EO.IUOOB 

EV-IOOOB 

ISUA-2 

BATTERY ENERGY 

£CONUM>f 

J.UR 

5.7b 

3.07 

3.56 

5.61 

RANGE (MILES) 

7J.77 

95. b« 

B9 . 03 

09,35 

109.71 

EUAPSEP TIME 
(MINUTES) 

M.A. 

N, A , 

N , A , 

N.A. 

109.7 

BATTERY discharge 
ENERGY (K«H) 

El.lRii 

le.,590 

19.980 

13.860 

19.500 

battery REGEW, 
energy (Ysh) 

3.921)11 

C.UbdU 

3.6200 

1.9900 

0.05R3 

battery regen. 

ENERGY (X) 

let. 5 

U.3b 

18. U 

10.35 

0.30 

BATTERY DISCHARGE 
(AMP - HOURS) 

209, BU 

15fi,60 

197.65 

105,90 

213.07 

battery regen. 

(AMP - HOURS) 

32. <450 

0.5011 

29. 9S 

16. bU 

0.559 

BATTERY REGEM. 

amperage (X) 

15. Ub 

0.32 

15.15 

11.37 

0.26 

armature INRL'T 
ENERGY (KAH) 

I9.78U 

15.550 

18,680 

12.920 

18.582 

armature HEGEN. 
OUTPUT (KhH) 

U.MSOll 

O-UbOU 

O.IOUO 

2.29(10 

U.U65S 

AHMATULfc Ktlif-K-, 
OUTPUT CX) 

22.39 

U.39 

21.90 

17,72 

D.35 

FIELD Energy (k«h) 

I'.POSU 

0.0705 

0.3750 

0.2510 

0.0812 

controller 

EFFICIENCY (X) 

95. UB 

90,18 

95.37 

95.03 

95.51 


} 

ct 


I 






i 
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ODOMETER 

reading (milesi 

7375.0 

7au'».0 

7545.0 

7O2U.0 

7001.0 

BATTERY RECHARGE 
ENERGY EFFICIENCYIX) 

77.81 

5b. 85 

77.69 

b7,U3 

53.15 

battery recharge 

amperage EFFICIENCYCX3 

RB.tiB 

ob.71 

95.12 

87.94 

41.14 

battery temp. 

BEFORE (DEG F) 

135.U 

81,0 

131.2 

73.2 

75.0 

Battery temp. 

AFTER (DEG F) 

12b. U 

79.0 

ssrxsxco«3=s 

134.4 

ssessssxsssssss 

85.6 

'SSS333KSC 

84,8 

SSS3SSSB£3SSa 


* comments 

TEST NO. <52j TKACK TESTi Gt LOCK ALIKE .PRETEST CHARGE MOPIEIED TO HEAT BATTERY TO 115 DECREES. HEIGHT • 3780 LB 

TEST N'U. 9Ji TRACK TEST. OIAulH'S^It TEST ONLY .PREPARATION FOR GE LOOK ALIKE D. VEHICLE HEIGHT ■ 3760 LB, 

TEST NO. R-4: TRACK TEST. GE LOOK ALIKE .PRETEST CHARGE MODIFIED TO HEAT BATTERY TO 115 DEGREES. HEIGHT ■ 3780 LB. 

TEST NO. R5| track TEST, JPL 0 kith LOh HEIGHT .PRETEST OVERCHARGE RETURNED TO NOMINAL 30* AH • HEIGHT « 3780 LB 

TEST NO. No) FIRST HVNU TEST AFTER TRACK 
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